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optimize  receiver  performance, 
measure  noise  figure  directly, 
record  all  measurements 

Now  tlu'  new  -///)-  .?40A  Noise  Meter,  readinj:  direct  in  db  and  re(|iiirini:  rn) 
periodic  recalibration,  does  receiver  and  component  alignment  jobs  in  5  min¬ 
utes  that  previously  recjuired  hours.  ( )peration  is  so  simple  un  killed  workers 
can  easily  use  the  instrument.  Receiver  performance  can  often  he  improved 
up  to  d  db  over  the  best  adjustment  previously  possible.  Improvement  fre¬ 
quently  ecpials  doublint:  transmitter  output.  .Accurate  alii:nment  i>  easy, 
et|uipment  is  better  maintained  and  peak  performance  enjoyed  re;:ularly. 
Fast  response  is  ideal  for  recorder  operation. 

External  noise  source 

New  -hp-  34().\  operates  at  any  frecjuency  for  which  there  is  a  noise  source, 
and  uses  either  a  (tas  discharge  tube  or  temperature  limited  diode  source. 
(-hp-  has  recently  marketed  -hp-  .H7.A  \Vave;:uide  Noise  Source,  an  .Ar^on 
jras  dischar^e  tube,  and  -hp-  345.A  IF  Noise  Source,  a  3b  J)r  6b  MC  diode 
source.  Details  on  request.) 

In  addition  to  its  convenience  in  optimizing  receivers  and  components, 
-hp-  340.A  is  useful  in  designing  circuit  components  such  as  IF  amplifiers, 
crystal  mixing  circuits  and  tubes  such  as  wide  band  traveling  wave  tubes. 

Curnphte  details  from  your  -hp-  representative ,  or  write  direct 

HEWLETT-PACKARD  COMPANY 

4820A  PAGE  MILL  ROAD  •  PALO  ALTO,  CALIFORNIA,  U.S.A. 

CABLE  "HEWPACK"  •  DAVENPORT  5-4451 
Field  Engineers  in  all  Principal  Areas 


SPECIFICATIONS  -hp-  340A 
NOISE  FIGURE  METER 

Frequency  Range;  Depends  on  no>se  source  used. 

Noise  Figure  Range;  3  to  30  db  mdicofion  to  ^ 
with  Woveguide  Noise  Source 
0  to  15  db  indico'ion  to  ‘X  with  IF  Noise  Source. 

Accuracy;  itO  5  db,  10  to  25  db;  —  1  db,  3  to  30 
db  with  Woveguide  Noise  Source. 

"to. 5  db,  0  to  15  db  with  IF  Noise  Source. 

Required  Receiver  or  rf  Amplifier  Gain;  Approir 
40  db  (Waveguide  Noise  Source),  oppron  50  db 
(IF  Noise  Source). 

Input  Frequency;  30  or  60  MC,  selected  by  switch. 
Bandwidth;  I  MC  minimum. 

Input  Impedance;  50  ohms. 

Power  Input;  115/230  volts  i:10%,  50'60  cps, 
320  watts 

Power  Output;  Sufficient  to  operote  hp-  347A 
Woveguide  Noise  Source  or  hp-  345A  IF  Noise 
Source 

Weight;  Cabinet  Mount:  Net  40  lbs..  Shipping  63 
lbs 

Rock  Mount:  Net  35  lbs..  Shipping  74  lbs. 

Dimensions:  Cabinet  Mount:  20’/,"  wide,  12'/,” 
high,  14'/,"  deep. 

Rock  Mount:  1’’”  wide,  10'/,”  high,  13'/,”  deep 
behind  panel. 

Price:  (Cabinet  Mount)  $715.00  (Rock  Mount) 
$700.00. 

Data  subfect  to  change  without  notice. 

Prices  t.o.b.  factory. 
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l.argfst  Radio  'I'dcscope.  University  of  Manchester  s  62.5-ft  antenna  uses 
250-ft  dislj  reflector  to  study  extraterrestrial  signals  at  wavelengths  from 


10  cm  to  20  meters.  See  p  70 
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0  if  HIGH  DEGREE  OF  A8TATICI8M  TO  EXTERNAL  FIELD8 

*  HIGH  8TABILITY  OF  INDUCTANCE  ir  HIGH  Q  AT  OPERATING  FREQUENCY 
8MALL  INDUCTANCE  VARIATION  WITH  CHANOE8  IN  FREQUENCY  and  CURRENT 
★  LOW  TEMPERATURE  COEFFICIENT 


General  Radio  manufactures  a  variety  of  fixed  and  variable  standard 
inductors  in  different  price  ranges.  Fixed  inductors  are  toroidally 
wound  to  minimize  effects  of  external  magnetic  fields.  Toroidal  air- 
core  inductors  like  the  Type  1482  approach  the  ideal  —  they  offer 
higher  stability,  lower  temperature  coefficient,  and  much  smaller  in¬ 
ductance  variation  with  current  changes 
^  than  is  produced  by  solenoid 

or  iron-core  inductor  types. 


Typt  1413  Standard  Inductor  —  a  primary 
standard  for  precise  measurements  at 
audio  frequencies.  All  units  are  thermally 
aged  to  equalize  winding  strains.  Sixteen 
models  from  100  eh  to  10  h  in  1-2-5  se¬ 
quence.  May  be  used  for  2-  or  3-terminal 
measurements.  Temperature  coefficient, 
30  parts  in  10*  per  degree  C.  Adjustment 
accuracy  for  most  units  is  *0.1%.  Cali¬ 
bration  certificates  furnished  with  each 
inductor  give  actual  value  to  wO.03%. 
Prices  range  from  $105  to  $210. 


Type  107  Variable  Inductor 
—  two  concentrically-mounted  coils  are  used  as  rotor  and 
stator,  and  may  be  connected  in  series  or  parallel.  Calibra¬ 
tion  accuracy  is  *1%.  Five  models  available  with  following 
series-connected  values:  9-50Mh,  90-500«ih,  0.9-5  mh,  9-50 
mh,  90-500  mh.  When  parallel  connected,  inductance  is 
one-fourth  of  series-connected  value.  Prices  range  from 
$85  to  $95. 


Greater  economy  in  coil  construction  is  obtained  by  using  “iron” 
cores.  By  proper  design  and  use  of  materials  such  as  powdered  mo¬ 
lybdenum  permalloy,  excellent  secondary  standards  can  be  produced 
and  sold  at  relatively  low  cost. 


Type  1490 
Decade  Inductor 
—  IS  an  assembly  of 
three  or  four  Type 
940  Decade* 
Inductor  Units  in  a 
metal  cabinet  for 
2-  or  3-terminal 
measurements. 


Type  14*1  Standard  Inductor  —  has  higher  Q  at  low  frequencies 
than  does  Type  1482  Standard  Inductor,  although  accuracy 
IS  not  as  high.  Twelve  models  are  available,  from  1  mh  to  5  h 
in  1.2-5  sequence  (for  2-terminal  measurements  only).  Tem¬ 
perature  coefficient  of  inductance  is  about  25  parts  in  10*  per 
degree  C,  between  16*  and  32*C.  Accuracy  is  >0.25%  for  large 
values,  ^1%  for  smaller  values.  Prices  from  $32.50  to  $40.00. 


Ju Cm/ Type  940  Oecode-Induclor  Unil  —  an  assembly  of 
iVCrW  four  toroids  series  connected  by  a  rotary  switch  to 
produce  eleven  successive  values  from  0  to  10.  These  units  are 
ideal  elements  for  use  in  filters,  equalizers,  and  tuned  circuits 
throughout  the  audio  and  low  r-f  ranges. 


GENERAL  RADIO  Company 


Write  far  complete  information. 


we  OBLi.  DineCT.  Our  District  S*i*s 
Offices  are  staffed  by  engineers  especially 
trained  to  help  you  m  the  selection  of  instru¬ 
ments  and  measuring  systems  best  suited 
to  your  needs  We  welcome  your  inquiries  — 
will  help  solve  your  problems. 


NiW  Toex  ARIA:  Tel  N.  y.  WOrtn  i  27t2  N.  J.  WHitney  3  3110  ClfICAOO  Tel  Viltate  S  9400 
PMIIAMIPMIA.-  Tel  HAncocb  4  7419  WASMINCTON.  D  C:  Tel  JUniper  9  lOU 

SAM  FRANCISCO  Tel  WNitacliR  1 1233  lOS  ANCflES  31:  Tel  HOHywood  9  S201 

bi  CANADA.  TORONTO  Tel  CHerry  6  2171 
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TypR  J 

biductancR 

1  Accuracy  | 

1  fries 

^MOl 

1  mh/sltp 

~$100 

940  F 

10  mh/sttp 

•1% 

too 

940  G 

100  mh/step 

-o.ss 

too 

940  H 

1  h/step 

-0.25S 

110 

Here  are  acute  teinperature  sensitivity,  instant  re¬ 
sponse,  ainl  the  strength  to  withstand  the  most  de¬ 
manding  conditions  —  all  in  one  unit  only  knee  high  to 
a  yraxshopper! 

It’s  hermetically  sealed,  yet  field  adjustable.  Main¬ 
tains  control  characteristics  even  with  vibrations  of 
500  cps  with  lOG  acceleration  —  it’s  rugged! 

You  get  wide  range  and  sensitivity,  too.  The  new 
THKRMosvviTCH  unit  Controls  temperatures  from  —20° 
to  -f200°F  within  1°.  Thin  wall  corrosion-resistant, 
drawn  stainless  steel  ca.se  insures  instant  response  to 
temperature  changes  —  you  get  preri»ion  control. 

You’ll  want  to  find  out  more  about  this  tiny,  tough, 
sensitive  control.  For  more  information  on  the  new 
miniature  hermetically  sealed  thkkmoswit<'H  unit, 
and  other  Fenwal  miniaturizerl  controls,  write  for  our 
,  catalog  or  a  sales  engineer.  F'enwal  Incorporated,  206 

but  FenwaVs  New  Miniature,  Pleasant  Street,  Ashland,  Ma.ssachusetts. 
Hermetically  Sealed  THERMOSWITCH "  Unit  is  Strong  as  an  Ox 

New  Fenwal  miniature  thermoswitch  unit  being  agitate<I 
in  liquid  bath  while  maintaining  temperature  of  liquid  at 
140°F  ±1®.  THERMOSWITCH  Unit  weighs  less  than  U  oz., 
can  withstand  lOG  acceleration  at  500  cps  vibration.  Current 
capacity  is  2.5  amps,  115  VAC,  2.0  amps,  28  VDC. 


Knee  high  to  a 
grasshopper 


^nwal 
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iTrjansistorized  Power  Supplies 


Modtl  028-1 

Output:  18  to  36  (28  nominal)  VDC, 
0  to  1  amp. 

Rasulation:  ±0.25%  for  line  and  load 
change  combined 
Ripple:  0.01%  maximum 
Response  time:  50  microseconds 
$195  in  cabinet 
$400  In  dual  rack  mount 
(illustrated) 


Model  06-2 

Output:  4.5  to  8  (6  nominal)  VDC, 

0  to  2  amps. 

Regulation:  ±0.25%  for  line  and  load 
change  combined 
Ripple:  0.02%  maximum 
Response  time:  50  microseconds 
$165  in  cabinet 


IREXT  DC  POWER  SUPPLIES 

ACE  of  .ICf.-TR  lA.S/.SrOR  CIRCl  ITIiY 


LOW-VOLTAGE  HIGH-CUl 

with  the  PERFORM. 


DC  souKf's|0f  utmost  reliability,  minimum  ripple,  and  very  fast  response 
—with  hbminal  voltages  of  6,  12,  28  volts  at  0  to  4  amp  output— all  in 
lighter,  smnll^f  packages.  And  these  new,  compact  power  packs  are 

wilji  the  Zener  diode  reference  circuit  that  assures  the  ^0.25% 
and  high  stability.  The  2  to  1  output  voltage 


curacy 

;ivos  these  supplies  an  application  range  that  is  unsurpassed. 
n.-.i.-,t..r  design  provides  the  excellent  ripple  and  response 
-  rtifs  that  rule  out  line  and  load  transients.  An 
protective  circuit  prevents  short-circuit  damage  to 
ip"ictor,s.  All  models  are  low  in  cost,  coming  in 
dual  rack  mount,  or  in  cabinets. 

■  >n  on  this  important  advance  in  low  voltage,  high 
irrent  technology  is  now  in  print.  Ask  your  Sorensen 
ive  for  full  data,  or  let  us  mail  it  to  you  directly. 


rep  re’ 


CONTROLLED  POWER  FOR 

SORENSEN  &  COMPANY,  Inc.  Richards  Avenue,  South  Norwalk,  Connecticut  RESEARCH  AND  INDUSTRY 
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Your  Design  is  better  )  our  Product  performs  better 


with  this 
full  line  of 


rAYTHEon 


3-  pen  j-able  diodes 

RELIABLE  EE^TIFIERS 


Germanium  GLASS  DIODES 


Wotkint  Forward 
VoHai*  Current 
(m«i.)  ft volt 
«  mA 


iNSSB 

1N6«A 

1N67A 

1N68A 

1N95 

1N126 

lNi27 


150 
60 
80 
100  3 

60  10 
60  5 

100  3 


500  at  -150 
50  at  - 10 
50  at  -50 
625  at  -100 
800  at  -50 
50  at  - 10 
25  at  -10 


1N128  40  3  10  at -10 

1N191  90  5  25  at -10 

IN  198  80  5t  75tat-10 

1N294A  60  5  10  at -10 

1N297A  80  3.5  100  at -50 

1N298A  70  30*  250  at -40 


Germanium  VIDEO  DETECTOR  Diodes 

for  TV  video  and  portable  radio  application; 
low  capacity  video  detection;  efficiency  controlled  at  50  Me 

'  t  .  I 

Silicon  DIFFUSED  JUNCTION  GLASS  RECTIFIERS 


Reverse  Current  (Mei.) 
in  mA  at  Spectfied  Voltaie 


TYPE 

Peak  Operatini 
Voltage 

-65*Ctp-|-150*C 

Volts 

1N64S 

225 

1N646 

300 

1N647 

400 

1N648 

500 

Silicon  DIFFUSED  JUNCTION  RECTIFIERS 


TYPE 

Peak  Operating 
Voltage 

-65*Cto-|-I65*C 

Volts 

1N836 

50 

1NS37 

100 

1NS38 

200 

1NS39 

300 

1N540 

400 

1N109S 

500 

lN547t 

600 

WIRE  IN  TYPES 


750  250 
750  250 
750  250 
750  250 
750  250 
750  250 
750  250 


STUD  TYPES 


Reverse  Current 
(Mas )  at 

Specified  PIV.  IS0*C 


TYPE 

Peak  Operating 
Voltage 

-65*Cto-t-l65*C 

Volts 

iN2S3 

95* 

f  xJ 

1N2S4 

190* 

LSj 

iN255 

380* 

1N2S6 

570* 

CK848 

100 

1  1 

CK847 

200 

o 

CK848 

300 

CK849 

400 

CK850 

500 

CK881 

600 

t  Same  as  IN  1096 


Ratings  at  25°C  unless  otherwise  indicated.  All  illustrations  actual  size. 


^^EMICONDUaOR  DIVISION 

-  Silicon  ond  Germonium  Diodes  ond  Tronsistors  •  Silicon  Rectifiers 


Nowton,  Mata . 55  Chapel  St.,  Bigelow  4-7500 

Now  York: . 589  Fifth  Ave..  Ploxo  9-3900 

Chicago:  9501  Grand  Ave.,  Franklin  Park,  NAtional  5-6130 
Lo*  Angoioa:  5236  Santa  Monica  Blvd.,  NOrmandy  5-4321 
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BUSINESS  BRIEFS 


ELECTRONICS  NEWSLETTER 


SO.Ml’.  nFrAII.S  OF  FI.F.CI  RONIC:  Sl'YINC; 

on  Kussian  activities  arc  being  heard  in  secret 
sessions  of  a  London  trial.  Two  Oxford  Uni¬ 
versity  students  are  charged  with  breacliing 
Britain’s  Official  Secrets  .\ct.  Ihc  two  had 
charged  in  an  undergraduate  magazine  that 
frontier  incidents  had  been  deliberately  pro¬ 
voked  to  gain  information  alxnit  the  Soviets, 
and  that  monitor  stations  were  “avidly  record¬ 
ing  the  least  s(|iieak  from  Russian  transmitters’’ 
along  the  entire  I'ast-W  cst  frontier  in  liurojx:. 
Prosecutor  said  “some  of  the  matter”  in  the 
article  was  true,  and  was  “highly  secret  informa¬ 
tion”  which  the  pair  obtained  during  their 
scrsicc  m  the  Royal  Navy  between  19S^-s5. 

piioio.muluplikr  it  bf.s  now  lx;ing  dc- 

\elopcd  for  use  in  nuclear  research  should  make 
it  |X)ssible  to  measure  time  with  au  accuracy 
l)Ctween  one  ten-billionth  and  one  billionth  of 
a  second.  Reason:  nuclear  research  often  rc- 
(|uircs  measnrement  of  low-energy  gamma  radia¬ 
tion  emitted  bv  radioactive  nuclei,  and  also  the 
time  of  arrival  of  the  gamma  cpianta  at  the 
detector.  MIT  scientists  I..  L.  Bcghian.  CL  II. 
R.  Kegel  and  R.  P.  ScharenlKTg  have  jnst 
rejxirted  the  development  of  a  detector  with  an 
accuracy  within  one-billionth  of  a  second.  .\c- 
curacy  of  time  measurement  is  largels  limited, 
they  say,  by  the  design  of  photomultiplier  tubes 
now  available.  But,  they  add,  new  tubes  prom¬ 
ise  to  break  through  present  limitations. 


T'V  SF.'rM.VKFRS  will  sell  more  sets  this  year  than 
the  5.5  million  predicted  early  this  year,  say 
Sylvania  executives.  Senior  v-p  Marion  F. 
Pettegrew  thinks  sales  will  reach  6  million  sets. 
.\nd  general  marketing  manager  Robert  L. 
Shaw  says  consumers  are  buying  fewer  middle- 
price  range  sets,  more  high-priced  ones.  T  his, 
he  says,  indicates  dollar  volume  will  hold  up 
fairly  well  despite  portable  volume. 

C:C)MPITC:.\T  FD  FLFCT  ROMC  GF.\R  in  a 
large  earth  satellite  is  chea|x;r  than  providing 
for  the  simival  needs  of  man  in  a  space  cham- 
fH.’r,  and  has  design  advantages  too.  That's 
the  conclusion  of  jack  Myers.  University  of 
T  exas  scientist,  who  recently  reported  on  funda¬ 
mental  research  with  mice  and  oxygen-produc¬ 
ing  algae.  1  le  told  a  symposium  on  possible 
uses  of  earth  satellites  for  life  science  exjx:ri- 
ments  that  a  man  in  a  spaceship  would  need 
600  quarts  of  oxygen  a  day  to  survive;  tremen¬ 
dous  weight  of  oxygen  tanks  makes  them  im¬ 
practical.  Myers  said  his  exjxriments  for  the 
.\ir  Force  indicated  a  photosynthetic  gas-rccy- 
cTing  system  might  be  an  alternative;  man  would 
breathe  oxygen  produced  by  algae  which  would 
grow  on  carbon  dioxide  exhaled  bv  man.  How¬ 
ever.  “no  use  of  this  procedure  is  reasonably 
foreseen  in  the  immediate  future  .  .  .’’ 

R.MTIO  FIRST?  Bonn  University  has  received  a 
108  me  signal  Ixumced  off  the  moon  from  Ft. 
Monmouth  as  part  of  U.S.  space  research. 


FIGURES  OF  THE 

WEEK 

FIGURES  OF  THE 

YEAR 

Totals  for  first  three  months 

RECEIVER  PRODUCTION 

1958 

1957 

Percent  Change 

(Source  blA) 

May  16,  'S8 

May  9,  ‘58 

May  17,  '57 

Receiving  tube  sales  . 

84,990,000 

125,041,000 

—32.0 

Television  sets,  total  . 

67,949 

68,125 

80,436 

Transistor  prodtJCtion  . . 

9,038,798 

5,125,000 

-b76.4 

Radio  sets,  total  . 

149  659 

159, <>67 

243,270 

Cathode  ray  tube  sales . 

1,812,825 

2,322,480 

—21.9 

45,582 

46,215 

97,750 

Television  set  production  .... 

—17.2 

1,221,299 

1,474,729 

STOCK  PRICE  AVERAGES 

Radio  set  production . 

2,834,759 

3,959,367 

—28  4 

(Source:  Standard  &  Pcor's) 
Radio-tv  &  electronics  .... 

May  21,  '58 
46.22 

May  14,  *58 

May  22,  's: 

1,446,969 

1,682,911 

—14.0 

45.70 

52  28 

Rdd'O  set  sales 

Radio  broadcasters . 

62.56 

60.11 

69.44 

(evci.  auto)  . 

1,493,668 

1,818,976 

--17.9 

MORE  FIGURES  NEXT  PAGE 
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Basic  designs  of  experimental  apparatus  used  in  controlled  therinomiclcar  power 
research  arc  shown  as  .  . . 


AEC  Reveals  Fusion  Plans 


Researchers  are  working  on  four  ways  of  control 
hydrogen  fusion  magnetically 


Principles  of  four  alternative 
routes  in  the  Atomic  Energy  Com¬ 
mission’s  quest  for  controlled 
atomic  fusion  power  were  outlined 
last  month. 

Only  one  method,  the  magnetic 
pinch,  has  been  revealed  in  detail 
publicity  (Electronics,  Septem¬ 
ber  10,  19s7;  I'cbruarv  7,  195S; 
March  28,  1958). 

.\11  four  methods  attempt  to  ob¬ 
tain  power  from  the  radiation  re¬ 
sulting  from  fusion  reactions  in  hot, 
ionized  hydrogen  isotopes.  The 
basic  idea  is  to  squeeze  the  gas  mag¬ 
netically  until  it  reaches  an  “igni¬ 
tion”  temperature.  At  that  tempera¬ 
ture,  nuclear  reactions  are  vigor¬ 
ous  enough  to  keep  the  gas  at  fusion 
temjxrature  despite  the  energy  loss 
resulting  from  the  radiation  of  cn- 
erg\'.  Tlicrc  is  general  belief  in 
U.  S.  laboratories  that  the  ignition 
temjxirature  will  be  reached  in  a 
few  years. 

In  addition  to  the  pinch  method 


there  arc  three  alternatives,  llvbrid 
methods  also  mav  be  used  if  these 
fail. 

(1)  Mirror:  Energetic  ions  are  in¬ 
jected  into  a  strong  magnetie  field 
provided  bv  two  coils.  Hie  ions  at 
first  spiral  at  right  angles  to  the 
field.  .\s  coil  current  is  increased, 
the  hot  gas  is  squeezed. 

(2)  Stellarators:  .\  eokl  gas  is 
confined  in  a  magnetic  field.  Coil 
current  is  increased  until  the  gas 
temperature  reaches  more  than  a 
million  deg  C,  by  which  time  the 
gas  is  highly  conductive.  Then,  the 
gas  is  shaken  by  strong  alternating 
magnetic  fields  to  heat  it  further. 
I  he  stellarator’s  pretzel  shape 
counteracts  the  drift  of  the  gas 
toward  the  walls  of  the  snrronnding 
tube. 

(3)  D-C  X:  Mirror  coils  arc  fed 
with  direct  current.  .\  confinement 
space  is  filled  with  super-hot  ions, 
which  heat  cooler  ions  added  after 
the  hot  plasma  is  formed.  Molec¬ 


ular  ions  arc  introduced,  each 
breaking  up  into  a  denteron  and  an 
:tom  of  deuterium.  The  atoms  cs- 
eipe,  but  the  hot  ions  are  caught 
and  circulated  in  the  confining 
magnetic  field. 

Meanw  hile,  a  British  fusion  team 
discoscred  that  neutrons  produced 
by  their  Zeta  torus  were  not  thcr- 
monnclear,  as  originally  Ircliesed. 
The  probable  source,  transient  elec¬ 
trical  conditions,  however,  may 
Ikcoiiic  a  trigger  mechanism. 

Zeta  is  being  modified  to  raise 
its  temjx'raturc  to  20  million  C. 
Reportedlv,  a  Zx-ta  11  will  lx  built 
for  SM  million,  to  attain  100  mil¬ 
lion  C.  I  hcorctically,  dcntcrinm 
that  hot  will  yield  net  power. 


Airlines  to  Test 
Infrared  Warning 

.Aircr.sft  am  i-coi  i.ision  devices 
this  month  arc  getting  renewed 
attention  from  airlines,  government 
authorities  and  electronics  engi¬ 
neers.  Interest  is  heightened  by 
the  recent  midair  collision  in  Mary¬ 
land  of  an  .\ir  National  Guard 
jet  and  a  Capital  Airlines  plane 
which  killed  12  people. 

I’hc  .Air  dranspoit  .Assixiation 
indicates  that  the  airlines  right  now- 
lean  towards  an  infrared  proximity 
warning  indicator  for  all  passenger 
and  cargo  lines.  I’hcy  want  a  “self- 
contained  system,”  one  which  will 
operate  cffcctivclv  as  a  warning  de- 
\icc  for  an  airliner  regardless  of 
equipment  carried  by  other  aircraft. 

Ihc  .VI  A,  an  organizaition  of  49 
schednlcd  airlines,  is  keeping  close 
watchfulness  on  development  by 
electronics  manufacturers  of  infra¬ 
red  anticolhsion  devices.  One  such 
clesice,  said  to  be  getting  close 
scrutiny  by  .VIA,  is  .\erowarn,  de- 
seloped  by  .Aerojet-General  Corp., 
.Azusa,  Calif.  Might  tests  so  far 


f 


TRANSISTOR  AND  TUBE  SALES,  MONTHLY 


(Source:  EIA)  Mar. '58  Feb. '58  Mar. '57 

Transistors,  units .  2,976,843  3,106,708  1,904,000 

Transistors,  value  .  $6,795,427  $6,806,562  $5,321,000 

Receiving  tubes,  units  .  28,524,000  29,661,000  43,010,000 

Receiving  tubes,  value  .  $25,697,000  $25,650,000  $37,007,000 

Picture  tubes,  units .  634,779  556,136  833,257 

Picture  tubes,  value .  $12,643,404  $11,210,527  $14,850,847 


EMPLOYMENT  AND 

EARNINGS, 

MONTHLY 

(Source:  Bur.  Labor  Statistics) 

Mar.  '58 

Feb.  '58 

Mar.  '57 

Prod,  workers,  comm,  equip.  . . 

343,500 

350,800 

393,300 

Av.  wkly.  earnings,  comm.  . . . 

$80.16 

$79.95 

$80.19 

Av.  wkly.  earnings,  radio  . . . . 

$79.39 

$78.98 

$76  80 

Av.  wkly.  hours,  comm . 

39.1 

39.0 

40.5 

Av.  wkly.  hours,  radio . 

39.3 

39.1 

40.0 
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CONVECTION  COOLED 

No  internal  blowers  •  No  moving  parts 

0-32  VDC  0-2  AMP 


•  Ambient  50°  C  at  full  rating. 

•  High  efficiency  radiator  heat  sinks. 

a  Silicon  rectifier. 

•  50-400  cycles  input. 

•  Special,  high-purity  foil,  long-life 
electrolytics. 


•  Compact.  Only  3Vi"  panel  height, 
o  Short-circuit  proof. 

•  Protected  by  magnetic  circuit  breakers. 

•  Hermetically-sealed  transformer.  De¬ 
signed  to  MIL-T27A. 


Introduced  at  the  1958  I.R.E.  Show 

Model  LT  2095  $365 

Model  LT  2095M  (metered)  $395 

o  All  transistor.  No  tubes, 
o  Transient  free. 

o  Excess  ambient  thermal  protection, 
a  Excellent  regulation.  Low  output  impedance. 

Low  ripple, 
a  Remote  DC  vernier. 


] 

CONDENSED  DATA* 

{  Vellop*  tondi  . 

.0-8,  8-16,  16-24,  24-32  VDC 

Electrical  Over- 

line  Regwlotien  . 

i 

.  Better  than  0.15  per  cent  or  20  millivolts 
(whichever  is  greater).  For  input  variations 
from  105-125  VAC. 

load  Protection  . 

.Magnetic  circuit  breaker,  front  panel 
mounted.  Unit  caimot  be  injur^  by  short  cir¬ 
cuit  or  overload. 

Leod  Rcpwlotion . 

..Better  than  0.15  per  cent  or  20  millivolts 

Thermal  Over- 

,  Thermostat,  manual  reset,  rear  of  chassis.  - 
Thermal  overload  indicator  light,  front  panel.  | 

(whichever  is  greater).  For  load  variations 
from  0  to  full  load. 

toad  Protection  . 

AC  Input . 

. .  105-125  VAC.  50-400  CPS 

^  Pr«litviifiory  and  tantativa  tpacificotiens 

Size  . 

.  .3>/2*Hx19''Wx14%"D.  I 

Send  for  complete  LAMBDA  L-T  data. 


Electronics  Corp, 

11-11  131  STREET  •  COLLEGE  POINT  56,  NEW  YORK 

f  INDEPENDENCE  1-8500  Cabla  Address:  Lambdatron,  Now  York 
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Your  best  bet  when  looking  for 
a  source  of  Alnico  magnets  and 
assemblies  is  Arnold — producer  of 
the  most  complete  line  of  magnetic 
materials  in  the  industry. 

Arnold  can  supply  your  need  for 
any  srce  or  shape  of  Alnico  magnet. 
Weights  range  from  a  few  ounces 
to  75  pounds  or  more.  Die-cast  or 
sand-cast  aluminum  jackets,  Cclas- 
tic  covers,  etc.,  can  be  supplied  as 
required.  Complete  assemblies  arc 
available  with  Fermendur,  steel  or 


aluminum  bases,  inserts  and  keepers 
as  specified  —  magnetized  and  stabi¬ 
lized  according  to  the  requirements 
of  the  application. 

A  wide  range  of  the  more  popular 
shapes  and  sizes  of  cast  and  sintered 
magnets  are  carried  in  stock  at 
Arnold.  Unsurpassed  plant  facilities 
make  possible  quick  delivery  of  all 
special  orders.  •  Let  us  hanJle  your 
Itermanent  magnet  requirements,  or  any 
other  magnetic  material  specification  you 
may  have. 


Cast  Alnico  Magnets  are  most  com¬ 
monly  made  in  Alnico  V  and  VI. 
Sintered  Alnico  Magnets  usually  are 
made  in  Alnico  II,  V  or  VI.  Special 
permanent  magnet  materials  include 
Vicalloy,  Cunife,  and  Arnox. 


Write  for  your  copy  of  Bulletin  GC- 
106C,  a  general  catalog  of  all  Arnold 
products.  It  contains  useful  data  on 
the  physical  and  magnetic  properties 
of  Alnico  Magnets.  Lists  stock  items 
and  standard  tolerances  for  cast  and 
sintered  magnets — also  stock  sizes 
and  pertinent  data  on  tape  cores, 
powder  cores,  C  &  E  cut  cores,  etc. 

ADDRESS  DEPT.  E-86 


The  Arnold  Fngineering  Company 


Main  Office  4  Plant:  Marengo,  Illinois 

Mytli  Pacific  WvIsIm  Pianti  Ml  iact  61sl  Siraal,  las  Angalas,  CaW. 

District  Sales  Offices: 

Botton:  49  Waltham  St.,  Laxiaoion  los  Ang*ht:  3450  Wihhira  Bivd. 
Naw  yor*>  350  RMi  Ava.  Wathmgioti,  O.C.i  1 001  -1 5th  St.,  N.W. 
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A  SPECIALIST  —  There’s  a  special  reason  why  CBS  VR  tubes  are 
more  stable  and  dependable.  CBS-Hytron  specializes  in  V’R  tubes 
,  .  .  has  made  over  20  millions  of  them. 

ADVANCED'ENGINEERING  —  Within  their  voltage  and  current 
ranges,  the  reliabilized  CBS  6626  and  6627,  for  example,  provide  an 
absolute  minimum  of  discrete  voltage  shifts  in  voltage  reference 
circuits. 

3>  research  and  development  —  CBS-Hytron  has  originated 
many  VR  types:  OB2.  USN’-OA2W.\,  USN-OB2WA,  6830,  6831  as 
well  as  the  6626  and  6627. 

WIDEST  LINE  —  Commercial  and  military,  miniature  and  GT, 
105-volt  and  150-volt  .  .  .  CBS-Hytron  offers  the  most  complete  line 
of  V’R  tubes  for  voltage  regulation  and  reference. 

5a  SPECIALIZED  TYPES  —  CBS-Hytron  solicits  inquiries  for  produc¬ 
tion  quantities  of  specialized  VR  types,  like  the  flying-lead  6830  and 
6831. 

These  five  reasons  explain  why  most  leading  manufacturers  specify  CBS 
VR  tubes.  You,  too,  can  have  the  best  simply  by  asking  for  CBS.  And  for 
complete  technical  data,  write  for  free  8-page  CBS  VR  Tube  Manual, 
Bulletin  E-267. 


Reliable  products  through 

Advanced-Engineering 


CBS  2  tubes 


CBS-HYTRON,  Danvers,  Massachusetts 
A  Division  of  Columbia  Broadcasting  System,  Inc. 
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have  shown  promise  for  the  device, 
according  to  ATA. 

Night  radiation  pattern  tests  arc 
now  being  made  from  an  Aerojet 
DCo  over  Catalina  Island.  Three 
airlines  flving  Convair  s^O’s  and 
4-10’s,  and  Constellation  DC-6’s 
and  DC-T’s  are  cooperating.  W’hcn 
bugs  in  the  first  model  arc  worked 
out,  five  airlines  will  get  units  to 
test  on  routine  scheduled  flights. 
In  addition,  one  airline  plans  more 
extensive  tests  for  all  possible  col¬ 
lision  angles  and  amount  of  ad¬ 
vance  warning. 

Right  now,  plans  call  for  about 
20  seconds  warning  for  the  average 
possible  collision  situation.  One 
.\crojet  official  says  that  in  a  case 
like  the  Grand  Canvon  disaster 
where  the  planes  converged  at  an 
acute  angle,  Acrowarn  could  have 
given  thrc“e-and-one-half  minutes  of 
warning. 

Main  technical  problem  now  is 
increasing  discrimination  between 
objects.  Some  bright-edged  clouds 
and  snow-capped  peaks  reflecting 
sun  show  up  as  possible  collision 
hazards.  Engineers  are  working  to 
suppress  background  interference. 

Unit  weighs  just  under  40 
pounds.  Breadboard  model  tested 
so  far  uses  a  scanning  device 
mounted  on  top  of  the  plane's  em¬ 
pennage  which  rotates  at  40  rpm; 
it  scans  a  15  degree  sector— 7i  de¬ 
grees  above  and  7i  degrees  below 
the  horizontal. 

A  “cooperative”  radio  warning 
system  partly  based  on  missile  guid¬ 
ance  principles  has  also  been  pro¬ 
posed.  Such  a  system  requires 
coding  and  transmitting  equipment 
to  be  carried  b\  each  of  two  planes 
that  might  collide. 


Thor  Gets  Moon 
Task  'In  Months' 

CHICAGO— “A  modified  Thor 
IRBM  will  be  the  first  moon  ve¬ 
hicle  through  which  the  U.S.  can 
investigate  and  appraise  many 
phenomena  of  space  travel,”  Maj. 
Gen.  Bernard  A.  Sehriever,  USAE 
missile  head,  told  the  Illinois  wing 
of  the  Air  Eorce  Association  here 
last  week. 

“Within  a  matter  of  months,” 


I  WASHINGTON  OUTLOOK 

The  Pent.vgon  is  pushing  plans  for  standardization  of  electronic  and 
other  types  of  ground-support  equipment  for  missile  projects.  A 
project  is  under  way  to  compile  a  special  catalog  of  standard  military 
and  commercial  components  and  end-items  already  in  the  Defense 
Dept.’s  inventory'  of  missile  ground  support  equipment. 

The  project  is  expected  (1)  to  curb  duplicate  development  of  elec¬ 
tronic  and  other  kinds  of  missile  gronnd-snpport  gear  common  to  two 
or  more  weapon  svstems;  and  (2)  to  achieve  the  widest  possible  use 
of  ground-support  apparatus  now  in  service. 

The  catalog  project  is  an  outgrowth  of  a  special  conference  recently 
held  bv  the  Air  Materiel  Command  in  Dayton  to  discuss  the  Air 
Force’s  burgeoning  costs  for  missile  ground-support  equipment.  .Xbout 
100  sen  ice  and  industry  experts— including  representatives  of  the  Elec¬ 
tronic  Industries  Assn.— attended. 

Although  the  conference  was  called  by  the  Air  h’orcc,  the  Pentagon 
is  bringing  the  Army  and  Navy  into  the  missile  ground-support  stand¬ 
ardization  picture. 

•  Increasing  cost  of  missile  ground-support  gear  was  the  keynote 
sounded  by  Brig.  Gen.  George  E.  Keeler,  Jr.,  AMC’s  Deputy 
Director  of  Supply  at  the  Dayton  Conference.  “We  have’  now 
come  to  the  crossroads  where  it  is  essential  that  industry  and 
Air  Force  reach  agreement  on  how  to  further  preserve  the 
national  economy  through  the  elimination  of  gold  plating, 
elimination  of  duplicate  development  and  assurance  of  maxi¬ 
mum  utilization  of  in-service  inventory,”  he  said. 

Air  Force  expenditures  for  ground-support  gear— with  electronic  I 
equipment  making  up  a  big  ehunk— have  balltKined  from  S%2 
million  in  1956  to  $1.6  billion  this  year.  In  more  than  two  years, 
spending  is  expected  to  hit  S2.8  billion.  At  least  12,(K)0  new 
items  of  ground-support  gear  are  put  into  the  Air  Force’s  inven-  | 

tory  each  month.  | 

1 

Ihe  industry  representatives  have  set  up  steering  committees 
bv  coninioditv  whieh  will  work  with  military  officials  on  the 
'  catalog  project.  IX-sign  engineers  will  then  be  pressed  to  use 

cataloged  equipment  before  spending  funds  for  new  missile  sup¬ 
port  components  or  end-items.  ' 

•  Behind  all  the  fussing  over  mushrooming  costs  for  missile  ground- 
support  equipment,  many  Defense  Dept,  officials  arc  having  some 
second  thoughts  about  the  highly-touted  “weapon  system  man¬ 
agement”  scheme.  They  believe  that  one  big  reason  for  the 
increased  costs  is  the  fact  that  weapon  system  primes  are 
under  too  little  control  by  the  services,  that  they  arc  being 
allowed  to  duplicate  development  in  many  instances.  'Die  out¬ 
come  may  be  some  new  limits  on  the  rcsfK)nsibilities  of  weapon 
system  primes. 
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Puzzled  by  ground  ^ 
loop  problems?  How  to  rescue 
microvolt  signals 
^rom  volts  of  noise? 


MMMMMHMMIW  HERE’S  WHY  KIN  TEL’S  DIFFERENTIAL 
DC  AMPLIFIERS  FIT  IN  INSTRUMENTATION  SYSTEMS 


IflO  db  DC,  120  db  60  cycle  common  mode  rejection  with  balanced  or 
unbalanced  input  ■  Input  completely  isolated  from  output  ■  input  and 
output  dilTcrcntial  and  tloating  ■  5  microvolt  stability  for  thousands  of 
hours  ■  .059c  linearity,  0.1%  gain  stability  ■  Gain  of  10  to  10(K)  in 
live  steps  ■  >5  nicg»)hms  input,  <2  ohms  output  impedance  ■  120 
cycle  bandwidth  ■  Integral  ix>wer  supply 

These  are  just  a  few  of  the  many  outstanding  features  of  the  Model 
114A  differential  DC  amplifier . . .  features  that  make  this  amplifier 
really  work  in  instrumentation  systems... features  that  will  help  solve 
your  instrumentation  problems  today. 

Ideal  for  thermocouple  amplification,  the  1 14A  eliminates  ground  loop 
problems;  allows  the  use  of  a  common  transducer  power  supply;  per¬ 
mits  longer  cable  runs;  drives  grounded,  ungrounded  or  balanced  loads, 
and  can  be  used  inverting  or  non-inverting. 

For  additional  information  and  technical  literature  on  this  exceptional 
instrument,  write  or  call  kin  tel  -  the  world's  largest  manufacturer  of 
precision,  choppier-stabilized  DC  instruments. 


KIN  TEL  114A 
differential  DC  amplifiers 
...convenient,  interchange¬ 
able  plug-in  mounting  in 
either  6-amplifier  19’  rack 
mount  modules  or  single- 
amplifier  cabinets. 


5725  Kearny  Villa  Road,  San  Diego  1 1,  Calif. 

Phone:  BRowning  7-6700 
Representatives  in  all  major  cities 


k  Division  o(  Coiiu  Electronics  Inc. 
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MILITARY  ELECTRONICS 


•  Navy’s  ship-to-air  guided  mis¬ 
sile,  Tales,  bc-canic  opc'rational  last 
week  when  the  USS  Gah  esfon,  first 
of  the  light  cruisers  to  be  eonverted 
to  Talos  guided  missile  ships,  was 
comniissioncd  in  Philadelphia. 
Next  two  light  eruisers  to  be  com¬ 
missioned  for  Talos  arc  the  IkS.S 
Little  Rock  and  USS  Oklahoma 
Cit}-.  USS  Long  Beach,  first  nu¬ 
clear-powered  cruiser,  will  also  be 
equipped  with  Talos. 

Bendix  .\viation  is  prime  con¬ 
tractor  and  Bendix  Radio  supplies 
the  control  system.  Sperrv  and 
Federal  Telecommunications  laibs 
produce  the  beam  rider  passise 
homing  guidance  system,  with 
l  arnsworth  Flectric  a  principal  sul>- 
contractor. 

•  The  Electronic  Material  Sci¬ 
ences  laboratory,  .\F  Cambridge 
Research  Center,  has  begun  field 
tests  of  three  distinct  antijamming 
techniques.  Special  General  Electric 
equipment  will  lx;  used  in  the  field 
tests  which  will  be  compared  and 
correlated  with  bench  tests  of  tech¬ 
niques  made  o\  er  the  past  vear.  I  he 
new  GE  equipment  will  1k‘  used  in 
connection  with  the  frequency 
disersity  radar  at  Mas  nard. 

•  C.\.\  plans  procurement  of 
new  electronic  communic-ations,  air 
traffic  control  and  -air  nasigation 
equipment  amounting  to  SI. 027 
billion  user  the  next  fi\e  fiscal  years. 

.New  edition  of  the  plan  calls  for: 


OO  additional  long  range  radar  in¬ 
stallations  including  those  that  will  ! 
be  used  jointly  with  the  military, 
making  a  total  of  100  in  the  system; 

70  new  airport  surveillance  radar 
units  to  supplement  the  62  already 
financed;  ^0  surface  detection  equip¬ 
ment  units  for  radar  control  of  air¬ 
craft  on  the  ground. 

Other  requirements  cited;  280 
air  traffic  control  radar  lK*acons;  677 
omnidirectional  radio  ranges 
(VOR),  of  which  6^4  arc  already 
financed;  complete  new  units 
of  VORT’AC;  337  more  l  AC.W 
(Tactical  Air  Navigation)  units  to 
backfit  a  total  of  636  existing 
VOR’s  to  make  \'OR  r.\C;  233 
instrument  landing  systems  (ll.S), 
an  increase  of  4f)  o\er  those  now- 
authorized;  223  units  of  the  dis¬ 
tance  feature  of  T.XC.W  with 
which  to  backfit  223  II.S’s;  and  20 
lI.S's  in  which  I  WC.SN  is  an  in¬ 
tegral  part. 

C.\.\  will  install  computers  in  | 
Washington  and  New  ^'ork  air  t 
route  traffic  amtrol  centers  early 
this  summer  with  funds  already  au¬ 
thorized.  .\lso.  the  memory  capacity  | 
of  the  computer  at  Indianapolis  will 
lx-  increased. 

By  late  fiscal  year  1039.  other 
centers  at  Boston,  Pittsburgh,  i 
Cleyeland,  Chicago  and  Detroit  j 
will  lx-  equipped  with  computers.  | 
More  centers,  it  is  anticipated,  will 
become  computer  equipjxd  at  the 
rate  of  six  per  year  through  fiscal  ^ 
1963  with  the  crxipcration  of  the  j 
Airwass  Mtxlernizatiou  Board. 

_ : _ I 


Schricser  said,  “the  .\ir  Force  plans 
to  explore  the  moon  as  a  militarv 
base.”  US.\1-'  will  work  with  the 
Army  and  launch  three  electronics- 
laden  moon  probe  rockets  (Ei.f.c- 
TRONics.  p  26.  .\pr.  IS). 

US.\F  will  be  seeking  informa¬ 
tion  on  cosmic  ray  intensity,  atinos- 
pheric  pressures,  grav  itational,  mag¬ 
netic  and  electric  fields.  Space 
exploration  of  this  type  could  pos¬ 
sibly  prov  ide  telescopic  and  tv  stud¬ 
ies  of  planets  and  the  sun  unblurred 
by  the  atmosphere.  Space  spectro¬ 
graphs  of  the  sun  might  provide 
evidence  of  heavy  element  thermo¬ 
nuclear  reactions  on  its  surface. 

“With  a  modified  Thor  as  the 
first  stage  and  Nav  y’s  X’anguard  en¬ 
gine  as  the  second,  it  would  be 
possible  to  put  several  thousand 
pounds  of  satellite  and  electronic 
c-quipment  in  orbit  or  send  several 
hundred  pounds  of  working  load  to 
the  moon,”  Schriever  said.  Infor¬ 
mation  sent  back  to  earth  might  lx 
in  pictorial  form. 

Only  the  first  300  mi  of  the 
240.000  mi  trip  would  be  under 
power.  Iben  the  rocket  would 
coast  for  two  davs.  finally  slowing 
dow  n  from  a  vclocitv  of  1 3,000 
mph  to  500  mph.  Increased  speed 
would  later  be  needed  to  avoid  con¬ 
tact  with  the  moon  and  circle  be¬ 
hind  it. 


Electronic  Desk 


Coniniiinication  equipment  is  featured 
in  new  desk  being  made  by  Odaba- 
shian  &  Sons,  San  Francisco,  for  about 
$3,>0().  Gear  includes  intcrconi.  dic¬ 
tating  and  recording  units.  Radio  and 
tv  broadcast  receivers  in  drawers  use 
bnilt-in  amplifiers.  Closed-circuit  tv  is 
optional 


Discuss  Color  Tv 
World  Standards 

Im  F.RNA  I  lONAI,  STANDARDS  for  Color 
.tv  broadcasting  and  testing  are  now 
the  subject  of  a  meeting  of  the 
International  Radio  Consultative 
Committee  (CCIR)  Study  Group 
XI  (color  tv)  in  Moscow.  The 
meeting  ends  June  10. 

The  committee  makes  tcxlmical 
recommendations  to  the  Interna¬ 
tional  Telecommunications  Union. 
J.  R.  Popkin-Clurman,  president  of 
Tclechrome  Manufacturing  Corp. 


and  a  delegate  to  the  meeting,  says 
that  in  1939  the  XI  Plenary  Assem¬ 
bly  of  the  CCIR  will  be  held  in 
the  U.S. 

USSR  Plans  More 
Industrial  Gear 

SoviK.i  Ki.F.c  1  RONics  prixluctioii, 
which  increased  nearly  IS  tunes 
from  1948  to  1937,  will  be  kept  at 
a  high  rate  of  output  and  electronic 
induvtrial  controls  will  be  intro¬ 
duced  oil  a  large  scale,  under  a  pro- 


14 


June  6,  1958  —  ELECTRONICS  engineering  edition 


4  Hu<>ftes  representative  will  i^laJly  t^numstrate  the  \fewo~ 
tope*  in  your  company.  Address  reiptests  to: 

hiUGHES  PRODUCTS  MEMO-SCOPE  Oscilloscope 
Intcnutional  Airport  Station,  Loi  Angeles  45,  California 


HUGHIS  MIMO-SCOPI  OSCILLOSCOPI 

SWEEP  SPEED  FOR  STORAGE: 

10  microseconds  to  10  seconds  per  division  (0.33’). 
FREQUENCY  RESPONSE:  DC  to  250  KC  down  3  db. 
SENSITIVITY: 

10  millivolts  to  50  volts  per  division  or  with  optional  high  sensi¬ 
tivity  preamplifier  1  millivolt  to  50  volts  per  division. 

APPLICATIONS: 

Trouble  shooting  data  reduction  equipment  ...switch  and  relay 
contact  study . . .  ballistics  and  explosives  research . . . ultrasonic 
flaw  detection . . .  physical  testing  — shock  —  stress  — strain. 


Creating  a  new  world  with  ELECTRONICS 


HUGHES  PRODUCTS 


O  1958,  Hughes  Aircraft  Company 


Attempting  to  an.ilyzc  elusive  non-reciirring  transients  has 
sent  the  best  ol  engineers  “to  the  showers. Conventional 
practices  for  monitoring  or  examining  spunous  signals  or 
noise  factors  do  not  permit  accurate  investigations.  The 
result  is  a  wasteful  expense  of  your  time,  your  nerves,  .ind 
your  company’s  money. 

SOLUTION:  The  Hughes  .ME.MO-SCOFE®  oscilloscope 
freezes  wave  forms  until  intentionally  erased.  Selected 
transient  information  may  be  triggered  externally  or  in¬ 
ternally  and  retained  for  viewing.  Successive  wave  forms 
may  be  written  ,(bove,  below  or  directly  upon  the  origi¬ 
nal  information. 
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gram  mjpjx.d  out  by  the  Com¬ 
munist  Part). 

Rcjxjrts  just  in  from  Moscow 
reveal  that  on  Radio  Dav  (May  7) 
and  the  .\ll-Union  Conference  on 
.Mechanization  and  Automation 
(May  12)  special  emphasis  was 
placed  by  Sosict  leaders  on  radio 
and  electronics  progress. 

X'^alcry  Kalmykov,  chairman  of 
the  state  committee  on  radio-elec¬ 
tronics.  USSR  Council  of  Min¬ 
isters,  made  these  points;  (1)  By 
1965  the  USSR  will  have  more 
than  500  tv  studios  and  sets  for 
almost  100  million  viewers.  (2) 
Research  and  design  plans  are  un¬ 
derway  to  integrate  telephone  com¬ 
munications  into  a  single  automatic 
exchange  system  with  major  cities 
being  linked  by  waveguides. 

USSR  Gosplan  chairman  Kuz¬ 
min,  also  deputy  chairman  of  the 
Council  of  NIinisters,  made  these 
points  to  industry  and  government 
leaders: 

Output  of  industrial  control  in¬ 
struments  and  other  means  of  auto¬ 
mation  must  be  10  times  greater  in 
1959  than  in  1955;  by  1965,  out- 
P-.  ...lould  be  five  times  mat  of 
1958.  Design  of  many  new  instru¬ 
ments  to  regulate  processes  is 
planned. 

By  this  year,  1 50  “machine  tool 
lines”  had  been  produced  for  ma¬ 
chine-building  works,  plus  ab<jut 
200  “automatic  lines”  using  exist¬ 
ing  machine  tools.  Many  of  these 
are  quality  control  instruments, 
others  are  regulators  such  as  those 
used  in  metal  processing.  Just  an¬ 
nounced  by  the  Physics  Institute  in 
Kiev;  an  infrared  spectrometer  that 
registers  teinjxiraturc  changes  of 
one-millionth  of  a  degree.  It  will  be 
used,  says  Tass,  to  determine  con¬ 
tent  of  oil  or  paraffin  in  oil 
products. 

Kuzmin  also  gave  these  ex¬ 
amples  of  electronic  control  already 
achieved:  (1)  I’esting  of  the  first 
automatically  controlled  locomotive 
is  nearing  completion.  (2)  An  au¬ 
tomatic  machine  to  determine  op¬ 
timum  oil  drilling  spots  has  been 
developed  (Ei-kcironics,  p  49, 
Nov.  10,  ’57.  (3)  Machine  based 
on  use  of  isotopes  and  optical  and 
acoustical  principles  is  being  used 
to  regulate  compiosition  of  mate¬ 
rials  in  one  manufacturing  prrKCSS. 


FINANCIAL  ROUNDUP 


•  I  lagan  Chemical  &  Controls 
Corp.  (formerly  Hagan  Corp.)  of 
Pittsburgh.  Pa.,  purchases  Kybcr- 
netes  Corp.  of  New  York  City, 
manufacturer  of  automatic  data  log¬ 
ging  and  temperature  monitoring 
equipment,  for  an  undisclosed  cash 
sum.  Hagan  manufacturers  auto¬ 
matic  controls,  instruments  and 
chemicals  for  remo\  ing  boiler  scale. 
Hagan,  orginallv  a  manufacturer  of 
hvdraulic  and  pneumatic  controls, 
has  in  recent  years  added  electronic 
controls  to  its  line. 

•  Shore  Brothers  of  Evanston, 
Ill.,  announces  it  seeks  to  acquire  an 
additional  electronics  firm  engaged 
in  making  components  for  elec¬ 
tronic  industrial  automation  and 
hi-fi  sound  reproduction.  Shure 
manufactures  microphones,  hi-fi 
tone  arms  and  cartridges,  home  re¬ 
corders  and  recording  heads  for  in¬ 
dustrial  laboratory  applications. 

•  Dynamic  Electronics  Corp., 
Forest  Hills,  N.  Y.,  sells  a  substan¬ 
tial  minority  interest  to  Edward  L. 
Elliott  of  Elliott  &  Company,  New 
York  investment  firm,  for  S26o,()00. 
New  investment  plus  increased 
bank  credit  will  be  used  to  finance 
development  of  scseral  proprietary 


items  in  the  military  electronic  and 
high  fidelit)  stereo  fields,  areas  in 
whicii  Dvnamic  is  presentlv  acti\e. 

•  Elsiii  Electronics,  Brooklvn,  N. 
Y.,  manufacturer  of  telemetering 
equipment  and  microwave  compon¬ 
ents,  plans  to  issue  265,266  shares 
of  common  stock  at  $1.1 2  J  ct-nts 
jx-r  share  through  l.ee  &’  Co.  of 
New  ^'ork  Cits.  New  monev  will 
lx  used  to  repay  bank  loans,  pur¬ 
chase  new  equipment  and  for  work¬ 
ing  capital. 

•  Chesa]xakc  Instriiinent  C^rp., 
ultrasonics  manufacturers  of  Sunny- 
side,  .  Maryland,  plans  to  issue 
$275,000  of  convertible  subordi¬ 
nated  fisc  percent  dclxnturcs  due 
1968,  through  Drexel  &•  Co.  of 
Philadelphia.  Prrxeeds  ssill  lx  used 
for  general  airporate  purprrses. 

•  Missiles-Jcts  &  .Automation 
Fund  files  plan  ssith  SEC  to  issue 
500.000  shares  of  capital  stexk  at 
$10  per  share.  Investments  svill  lx 
concentrated  in  securities  of  firms 
engaged  in  missile,  jet  and  automa¬ 
tion  fields.  Ira  Haupt  &•  Co.  of 
Ness  York  City  ssill  manage  the  un- 
dersvriting  group  sshich  is  expected 
to  offer  fund  shares  this  month. 


W  ave  analy/er  is  plugged  into  electric  |X)ssct  line  (left)  carrying  signals  generated  by 
transformers  set  up  at  power  station  as  .  .  . 


Civil  Defense  Tests  Alarm 


BATILE  CREEK.  Mien.— An 
electronic  device,  intended  to  ssarn 
people  in  their  homes  svhen  an 
enemy  attack  or  natural  disaster  is 
imminent,  is  being  field  tested  here 
oscr  the  posver  lines  of  Consumers 
Posver  Co. 

National  Emergency  Alarm  Re¬ 


peater  system  (NEAR)  is  being 
developed  by  Midwest  Research  In¬ 
stitute,  Kansas  City,  Mo.,  under 
contract  with  Federal  Civil  De¬ 
fense  Agency.  FCD.A  headquarters 
arc  here. 

NEAR  picks  lip  1-volt,  240-cycle 
signals  superimposed  on  normal 
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CERAMIC  JACKETED 
FOR  ROSUIYE 
MOISTURE  PROTECTION 


MADE  TO  MEET 
ALL  MIL-R-10509B 
REQUIREMENTS 


ITY 


SPRAGUE  4041 

— lO-MEc;^^  _ 
2W 


SPRAGUE  403E 


W«/rf  fOR  BUUfTIN  NO.  7010 
SPRAGUE  ELECTRIC  COMPANY 


35  MARSHALL  STREET 

NORTH  ADAMS,  MASSACHUSETTS 


SPRAGUE  COMPONENTS:  RESISTORS 
INTERFERENCE  FILTERS  PULSE  NETWORKS 


CAPACITORS  MAGNETIC  COMPONENTS 

HIGH  TEMPERATURE  MAGNET  WIRE 


TRANSISTORS 
PRINTED  CIRCUITS 
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110-v,  60-cvclc  liouse  current.  It 
plugs  into  any  outlet  and  is  not 
inucli  bigger  than  a  night  light. 
When  it  rccehes  a  signal,  it  sounds 
a  buzzer,  telling  residents  to  turn 
on  their  radio  for  a  cisil  defense 
announcement. 

rhe  signals  are  provided  by 
equipment  installed  at  power  dis¬ 
tribution  stations.  Signal  generator 
consists  of  three  transformers 
which  arc  connected  in  a  broken 
delta  circuit  with  a  direct  current 
|iowcr  supply. 

In  testing,  the  signal  generator 
equipment  is  located  at  a  substa¬ 
tion  and  outlets  arc  on  utility  poles, 
l  est  equipment  is  moved  from  pole 
to  pole  in  a  station  wagon.  FCD.\ 
says  that  if  field  tests  prose  the  sys¬ 
tem  feasible,  it  will  be  developed 
for  public  home  use. 

The  home  reeeiver  could  consist 
of  an  inductance-capacitance  or 
electromechanical  filter  to  pick  up 
the  signal,  a  relay,  a  gas  tube  or 
■.emiconductor  switch  and  a  noise- 
maker.  A  brief  delay  would  be  re¬ 
quired  to  prevent  transients  in  the 
line  power  from  causing  false 
alarms.  It  has  been  learned  that 
the  receiver  could  be  built  into  an 
electric  clock  or  other  appliance. 


MEETINGS  AHEAD 


June  9-13:  .\utomation  Seminar, 
Fourth  .\nnual,  Penn  State  Univ., 
Pa. 

June  12-13:  .\ninial  Pacific  Northwest 
Instrument  Show,  IS.\,  Portland 
Public  .\uditorium,  Portland,  Ore¬ 
gon. 

June  16-18:  Klectrical  Contact  Seminar 
Oiv.,  Penn  State  Univ.,  Pa. 

June  16-18:  Military  Klectronics  Second 
National  Convention,  Sheraton  Park 
Hotel,  Washington,  13.  C. 

June  17-27:  T'wo-W'eck  Special  Sum¬ 
mer  Program  in  Switching  Circuits, 
.MIT,  Cambridge,  Mass. 

June  18-20:  Radio  W’ave  Propagation 
Statistical  Methods,  Univ.  of  Calif. 
Kngineering  Kxtension,  Los  .\ngeles, 
California. 

June  22-27:  .\ir  Transport  Conf.,  and 
.\IEE  Summer  General  .Meeting. 
Statlcr  Milton,  Buffalo,  New  YorT 


Rack-mounted  unit  automatically  ad¬ 
justs  power  level  as  .  .  . 


Control  Cuts 
Cochannel  Noise 

.\  pow  r.R-coMROi.  dcs  icc  currently 
in  field  test  promises  to  help  relieve 
cochannel  interferenee  problems  of 
mobile  radio  users. 

riie  control  automatically  adjusts 
transmitted  power  at  the  base  sta¬ 
tion  to  match  incoming  power  from 
a  mobile  unit  in  the  field,  making 
broadcast  power  inversely  projxir- 
tional  to  the  rc’ceised  signal. 

Initial  tests  made  by  GE,  devel¬ 
opers  of  the  device,  used  a  2  sO-w  att 
transmitter. 

Before  installation  of  the  power 


control  unit,  the  station  replied 
to  all  incoming  messages  with  the 
same  signal  strength  regardless  of 
ineoming  signal  power,  or  distance 
of  mobile  units  from  base  station. 

Transistors  Run 
Pipeline  Webs 

rR.vNsisroRizKD  remote  control  sys¬ 
tem  that  will  enable  a  dispatcher  to 
control  flow  of  natural  gas  and 
petroleum  from  as  many  as  100 
widclv  scattered  points  will  soon 
lx-  offered  to  pipeline  ojxrators. 

.Yt  a  recent  meeting  of  the  Pe¬ 
troleum  Industries  Eleetrical  .\sso- 
ciation.  an  RC.\  spokesman  said 
field  trials  of  the  new  system  arc 
due  shortly. 

Central  dis|)atchers  using  the 
system  will  originate  instruction 
signals  on  punched  tape.  Signals 
will  be  relived  bv  microwave  to 
the  remote  point  or  points  desired. 

I’ransistorized  receiver  controls 
at  the  remote  jjoint  will  activate 
mechanical  equipment  to  start 
pumps,  open  valves  or  perforin  any 
of  several  operations  now  handled 
bv  resident  operators  contacted 
\erbally. 


June  23-27:  X'acuum  Metallurgy,  Sum¬ 
mer  Seminar,  New  3’ork  Univ.  Coll, 
of  Engineering,  N.  Y.  C. 

July  6-18:  Underwater  Missile  Engi¬ 
neering,  Graduate  Course.  Penn 
State  Univ.,  Pa. 

July  8-17:  International  Eleetrontech- 
nical  Commission,  .\S,\,  Stockholm, 
Sweden. 

July  16-18:  Forestry,  Conservation 
Coimnunications  .\ssoc.  (I'CC.\), 
Ninth  .\nnual  Conf.,  Parker  liouse. 
Boston,  .Mass. 

.\ug.  6-8:  Special  Tech.  Conf.  on  Non¬ 
linear  Magnetics  and  .Magnetic  .\m- 
plifiers,  .\IF.E,  Motel  Statlcr,  Ixis  .\n- 
geles. 

.\ug.  13-15:  Conf.  on  Electronics  Stand¬ 
ards  and  .Measurements,  .\IEE.  IFF. 
NBC,  National  Bureau  of  Standards 
l.abs.,  Boulder,  Colorado. 

Aug.  13-15:  Seventh  .\nnual  Conf.  on 


Industrial  .Vpplications  of  X-ray  .\n- 
jlysis,  IXiiver,  Colo. 

.\ug.  19-22:  Western  Electronic  Show 
and  Convention,  Los  .\ngeles.  Calif., 
W'ESCON,  IRE.  W’CEMA.  Pan 
Pacific  .\uditorium,  .\nil>ass,ador  Mo¬ 
tel,  I.  A 

Aug.  26-Scpt.  6:  British  National  Radio 
Show,  Radio  Industry  Council,  Earls 
Court,  London. 

Sept.  1-9:  Second  Intcriiatioiial  Hays  of 
.\ualug  Calculation.  Strasburg, 
l■’rance,  contact.  I'  13.  Ravniond.  1  3S 
Boulevard  de  N’erdon,  Coiirlx-soie 
(Seine)  France. 

Sept.  3-5:  .\ppliiation  of  klectrical  In¬ 
sulation,  l  irst  National  Conf ,  .MEE 
NF.M.\,  Cleveland,  Ohio. 

Sept.  15-19:  riiirteeiith  Aim  lal  Instru- 
nient  .\utomation  Coiif.  and  Exhibit, 
IS.\,  Philadelphia  Convention  Mall, 
Pa. 
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High  Performance 
Ceramic  Capacitors 


t^rnc  QE 


TYPE  C 

Type  C  DISCAPS  meet  or  exceed  the  specifications  RS-198  of  the 
E.I.A.  Small  size  and  lower  self-inductance  make  them  ideal  for 
many  applications.  Rated  at  1000  working  volts.  Type  C 
DISCAPS  have  a  higher  safety  factor  than  other  standard 
ceramic  or  mica  capacitors. 


TYPE  ft 

These  DISCAPS  are  designed  for  by-passing,  coupling  or  filtering 
applications  and  meet  all  specifications  of  the  E.I.A.  for  type  Z5U 
capacitors.  Rated  at  1000  V.D.C.W.,  Type  B  DISCAPS  are 
available  in  capacities  from  .00015  to  .04  M.F.D. 


TYPE  JF 

Type  JF  DISCAPS  have  a  frequency  stability  characteristic 
superior  to  similar  types.  These  capacitors  extend  the  available 
capacity  range  of  the  E.I.A.  Z5F  type  between  +10’  and  +85’  C 
and  meet  Y5S  specifications  between  — 30’  and  +85’  C. 


TYPE  JL 

For  exceptional  stability  over  an  extended  temperature  range. 
Type  JF  DISCAPS  should  be  specified.  They  provide  a  minimum 
capacity  change  as  temperature  varies  between  — 55’  and  +110’  C. 
Standard  working  voltage  is  1000  V.D.C. 

H  rile  for  information  on  the  complete  DISCAP  line. 
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Critical  testing  at  Westinghouse 
conducted  in  49  Ace  shielded  enclosures 


The  Westinghouse  Electronics  and  Air  Arm 
Divisions,  Friendship  Airport,  Baltimore, 
Md.  plants,  have  almost  unbelievably  high 
r-f  interference  ambient  caused  by  radar 
transmitters,  missiles,  military  planes,  spot 
welders,  motors,  powerful  transmitters,  and 
other  types  of  electric,  electronic  equipment. 
Testing  critical  electronic  equipment  under 
these  adverse  interference  conditions  is  ex¬ 
tremely  difficult.  The  slightest  outside  inter¬ 
ference  would  distort  readings. 

Westinghouse  takes  no  chances.  The  flight 
control  fighter  armament  systems,  missile 
guidance  systems,  radar,  and  ship-board 
transmitters  under  design  and  development 
at  the  plant  are  completely  shielded  from 
outside  interference  and  from  each  other 
by  49  Ace  shielded  enclosures. 


The  Ace  patented  RFI*  and  Cell-Type  Designs 
provide  the  high  attenuation  required  for 
satisfactory  results  at  all  frequencies.  All 
enclosures  are  designed  and  constructed  to 
insure  permanent  r-f  leak-proof  perform¬ 
ance.  Size-flexibility  is  another  feature.  The 
modular  construction  of  the  panels  and 
doors  permits  rapid  alteration  of  the  size  of 
the  enclosure.  Small  rooms  can  be  joined 
to  make  larger  units  or  large  enclosures  can 
be  converted  into  smaller  ones. 

If  you  have  a  shielding  problem— big  or 
small— in  your  plant,  you’ll  want  to  talk  to 
an  Ace  Engineer  about  an  effective  yet 
economical  solution.  Be  sure  to  write  for 
free  catalog  on  standard  Ace  enclosures. 

’LincUay  Structure 


First  and  Finest  in  Shielded  Enclosures 

ACE  ENGINEERING  AND  MACHINE  CO.,  INC. 
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A  general-purpose,  5" 
ipscilloscope  of  superb  desip 
and  construction,  destined  to 
become  the  new  standard  of 
the  industry.  This  Du  Mont 
scope  offers  a  new  high 
degree  of  reliability  and 
performance,  and  incorporates 
the  following  features . . . 


•  X-Y  plotting  with  identical,  calibrated,  high-gain  amplifiers. 

•  Time  function  plotting  on  calibrated  linear  time  base. 

•  Continuous  use  of  X or Y  amplifier  controls  without  disturbing  calibration. 

Re-calibration  from  front  panel. 

•  Diddle-free  sync.  Automatic  or  driven  sweep  selection  on  front  panel. 

•  Exclusive:  externally  or  internally  triggered  beam  brightening  during  X-Y  plots. 

•  High  brightness  provides  excellent  photographic  writing  rate. 

•  Sweep  speeds  available  from  .25  sec/cm  to  5  usec/cm. 

•  Centimeter  calibration. 

•  Choice  of  electronic  power  regulation  or  Sola  voltage-regulating  transformer. 

•  Hand-crafted  wiring  and  high-reliability  components  for 
dependability  and  performance. 

What  would  you  expect  to  pay  for  this  duMont  scope? 


3 


DU  Mont 


OSCILLOSCOPE 


See  preceding 
page  for 

features . . . 


IDENTICAL  X-  AND  Y-AMPLIFIERS:  Sensitivity,  10  mv/cm.  Sinewave  response, 
extends  flat  from  dc  to  3  db  down  at  100  kc;  useful  to  500  kc. 

SWEEPS:  17  calibrated  sweeps  available  from  250  millisecond/cm  to  5  usec/cm. 
Additional  sweep  time  available,  250  msec/cm  for  each  microfarad  of  external 
capacitance.  Sweep  expansion,  up  to  30  cm  —  any  10  cm  segment  ran  be  positioned 
on  screen. 

RELATIVE  PHASE  SHIFT  BETWEEN  AMPLIFIERS;  With  X-  and  Y-controls  at  maximum, 
phase  shift  will  not  exceed  3  below  100  kc;  at  discreet  higher  frequencies, 
phase  difference  can  be  adjusted  to  less.  Will  not  exceed  1“  below  5  kc  with 
any  control  setting. 

SYNCHRONIZATION;  Selection  of  driven  or  automatic  sweep  on  front  panel.  Selec¬ 
tion  of  internal,  external  or  line,  both  positive  and  negative  polarity,  on  front 
panel.  Beam  brightening  gate  may  be  triggered  by  sync  signals  during  X-Y 
plotting  and  for  controlled  photographic  exposure.  •, 

CATHODE-RAY  TUBE:  5ADP  -  operated  at  3000  volts.  j 
POWER  SUPPLY:  Three  regulated  power  supplies  available  for  following  sources: 
115  V,  60  cps,  110  watts;  115  V  or  230  V,  50  cps,  110  wattS;  115  V,  50  to  400  cps, 
140  watts.  Regulated  r-f  high  voltage  for  CRT. 

MECHANICAL:  401-A  (Bench  model),  15^/2"  x  8%"  x  21".  Front  or  rear  tilting  foot. 
401AR  (Rack  mounted),  standard  19"  rack-mounting,  8%"  high,  18%"  depth 
behind  panel,  width’itehind  panel  14%",  maximum  protrusion  (handles)  in  front 
of  panel  is  IW.  Weight  of  either  unit  approximately"“45  lbs. 


for  complete  details,  write . . . 

INSTRUMENT  DIVISION,  ALLEN  B.  DUMONT  LABORATORIES,  INC.,  CLIFTON,  N.  J.,  U.  S.  A, 
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A  Wide  Range  of  Ratings . . .  Choice  of  Mounting 
High  Efficiency ...  Low  Cost . . .  Prompt  Delivery 

’!H?£k.x>z  i£t.n  SIIICON  RECTIFIERS 

Offer  These  Advantages  — and  Many  More! 


SPECIFICATIONS 

D.  C.  Current 

Range  ..  1 .5A(J-1  )-l OA(J-2) 
Peak  Inverse 

Voltage  Range  lOOV  to  400V 
Approx.  Rectifier 


Voltage  Drop .  1.25V 

Approx.  Weight 

(Ounces) . 2  oz. 


SPECIFICATIONS 

D.  C.  Current 

Range  .  1 .5A(l)-5A(LF) 

Peak  Inverse 

Voltage  Range  lOOV  to  400V 
Approx.  Rectifier 

Voltage  Drop .  1 .5V 

Approx.  Weight 

(Ounces) . 35  oz. 

SPECIFICATIONS 

D.  C.  Current 

Range .  20A  to  200A 

Peak  Inverse 

Voltage  Range  50V  to  400V 
Approx.  Rectifier 

Voltage  Drop .  1.25V 

Approx.  Weight 

(Ounces).  .  1.3  oz.  to  7.0  oz. 

SPECIFICATIONS 

D.  C.  Current 

Range .  .  .25A(HW)-.75A(FW) 
Peak  Inverse 

Voltage  Range  1 600V  to  4500V 
Approx.  Rectifier 

Voltage  Drop .  SVtolOV 

Approx.  Weight 

(Ounces) .  4  oz.  to  8  oz. 


SPECIFICATIONS 

D.  C.  Current 

Range . 1 5A(M)-.2A(K) 

Peak  Inverse 

Voltage  Range .  360V 

Approx.  Rectifier 

Voltage  Drop .  1 .5V 

Approx.  Weight 

(Ounces) . 2  oz. 

SPECIFICATIONS 

D.  C.  Current 

Range . 5A(M1-.75A(K) 

Peak  Inverse 

Voltage  Range  lOOV  to  600V 
Approx.  Rectifier 

Voltage  Drop .  1 .5V 

Approx.  Weight 

(Ounces) . 2  oz. 

SPECIFICATIONS 

D.  C.  Current 

Range . 5A  to  1 5A 

Peak  Inverse 

Voltage  Range  .  .  50V  to  600V 
Approx.  Rectifier 

Voltage  Drop .  1 .5V 

Approx.  Weight 

(Ounces) . .  .15  oz.  to  1 .5  oz. 

SPECIFICATIONS 

D.  C.  Current 

Range . 325A  to  .45A 

Peak  Inverse 

Voltage  Range  800V  to  2800V 
Approx.  Rectifier 

Voltage  Drop  ....  2V  to  15V 
Approx.  Weight 

(Ounces) . 3  oz.  to  .9  oz. 


Write,  wire  or  phone  for  complete  information 

SARKES  TARZIAN,  INC.,  RECTIFIER  DIV.,  Dept.D-2,415  N.  College,  Bloomington,  Ind. 

In  Canada  700  Weston  Rd.,  Toronto  9,  Tel.  Rogers  2-7535  •  Export:  Ad  Auriema,  Inc.,  New  York  City 
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Look  at  this  new,  compact,  $145 


200  KC  oscilloscope,  M35.00 


and  check  these 


1 50  mo  output  0  to  30  v  dc,  continuously  variable 

High  regulation;  less  than  0.3%  or  30  mv  change 
no-load  to  full-load 

Ripple  less  than  1 50  fiv  rms 

V"  Metered  output  and  current  limiter  prevent  damage  to 
.  transistors  under  test 

Compact  transistorized  construction 


New  -hp-  721A  Transistor  Power  Supply 


either  positive  or  negative  terminals  may  be  grounded.  Or, 
the  supply  may  be  “stacked”  on  another  voltage  for  still 
greater  usefulness.  Need  for  additional  metering  and  con¬ 
trol  equipment  is  eliminated  since  the  721A’s  front  panel 
meter  monitors  either  output  voltage  or  current. 


Specifically  designed  to  provide  precision  dc  test  voltages 
for  transistor  investigations,  the  new  -hp-  721 A  Power 
Supply  produces  0  to  30  volts  at  150  milliamperes — suffi¬ 
cient  for  almost  every  type  of  transistor  in  use  today. 
Model  721 A  has  a  convenient  3-terminal  output  so  that 
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SUPPLY 


that  prevents  overload  damage  to  transistors 


An  outstanding  feature  is  a  special  circuit  limiting  output 
current  to  a  nominal  value  (selected  on  the  front  panel  in 
4  steps — 25,  50,  100  and  225  ma.)  This  unique  feature 
prevents  accidental  overloads  which  otherwise  cause  costly 
damage  to  transistors  under  test. 


Convenience  of  the  new  721 A  is  further  increased  by  its 
compact  size,  low  power  consumption,  simple  controls  and 
extreme  dependability  resulting  from  ultra-conservative 
circuit  ratings.  Model  721  A,  $145. 


Other  -hp-  regulated  and  klystron  power  supplies 


Simple  operation,  widest  usefulness,  high  regulation,  broad 
voltage  range,  rugged  dependability — these  characteristics 
have  made  -kp-  Power  Supplies  basic  experimental,  testing 
and  production  tools  in  America’s  laboratories  and  fac¬ 
tories.  The  many  jobs  these  precision  instruments  perform 
daily  include  powering  low  level  amplifiers,  constant  fre¬ 
quency  oscillators,  pulse  circuits  with  heavy  instantaneous 
current  demands,  oscillators,  small  transmitters,  klystrons 
and  “bread  board”  a»rangements 
from  the  most  simple  to  the  most 
complex.  Brief  data  on  ~hp-  power 
supplies  appear  in  the  table  at  right. 

For  complete  details  on  -hp~  sup¬ 
plies  meeting  your  power  needs, 
call  your  -hp-  representative  for 
demonstration  on  your  bench.  Or, 
write  direct. 


-hp-  713B  Regulated  Power  Supply 

-hp-  71  SA  Klystron  Power  Supply  ^ 


Model 

CHorocteristice  ieywlotion 

:  'Ksr 

Hum  t 
NoiM  Level 

Pri..  1 

710B 

Generel  purpose 
dc/oc  supply 

±1%,  0  to 

7S  mo 

100  mo 

100  to  340  V  dc; 

6.3  V  oc 

less  thon 
O.OOOS  V 

siio.oot 

7nA 

Similor  to  71  OB 
wider  voltoge 
ronge 

less  then  ±0.5% 

Of  0.1  V.  no  lood 
to  full  lood 

100  mo 

0  to  SOO  V  dc; 
d.3vac 

Kipple  less 
thon  0.1  mv 

225.001 

712B 

Heovy  duty«  4 
outputs.  0*1 
msec  response 

less  thon  so  mu 
no  lood  to  full 
lood 

200  mo  (pos.  dc) 

0  to  SOO  V  dc:  -300 

V  dc  fixed  bios;  0 
to  -ISO  V  dc  vori- 
oble  bios;  6.3  v  oc 

Ripple  less 
thon  500  uv 

345.001 

71  SA 

Klystron  supply; 
squore  wovoe 
esternol 
modulotion 

less  thon  1  %,  fK> 
lood  to  full  lood 

SO  ma  (ot  400  v) 

250  to  400  V  dc 
beom;  0  to  900  v 
dc  reBector;  6.3 

V  oc 

Ripple  less 
thon  7  mv 

300.00 

A 


t  Rpck  mount  ovoilobi*  of  tligbl  odditionel  chorgo. 


Doto  subjoct  to  chongt  without  notice.  Prices  f.  o.  b.  foctory. 


f 


HEWLETT-PACKARD  COMPANY 

4RIRA  PACE  MILL  ROAD.  PALO  ALTO,  CALIFORNIA,  U.  S.  A. 

CARLE  -HEWPACX”  .  DAVENPORT  S-44St 
FIELD  REPRESENTAriVES  IN  ALL  PRINCIPAL  AREAS 


Ask  your  -hp-  rep  for  a  demonstration 
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CORPORATION 


Magnetic  tape  recorders  for  instrumentation  and  control ... 

You  get  the  widest  choice,  most  performance  and  assured  compatibility 


••••• 


FR-100A 


FR-HOO 


FL-100 
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Over  95%  of  all  missile  prime  and  subcontractors  who  are 
using  magnetic  tape  have  chosen  Ampex  equipment.  In  to¬ 
day’s  most  rapidly  moving  technological  race,  nothing  short 
of  the  best  vyill  do.  Missile  development  pushes  at  every 
frontier  of  engineering  knowledge,  hence  it  needs  a  broad 


selection  of  highly  adaptable  recorders.  Tapes  must  be  inter¬ 
changed  among  widely  separated  facilities.  So  compatibility 
is  imperative.  And  of  vital  importance  to  every  user:  Ampex 
offers  application  engineering  and  nationwiae  field  service 
that  draw  on  unparalleled  magnetic-tape-recorder  experience. 


AR-IOO- AERIAL  ‘‘LISTENING" 

A  two-track  airborne  recorder  for  data  acquisition  in  the  audio-fre¬ 
quency  range.  Recorder  meets  the  essential  rerjuirements  of  MIL-E- 
5400  in  respect  to  temperature,  vibration,  shock  and  high-altitude 
conditions.  The  AR-100  is  an  example  of  Ampex’s  special  design  work 
to  fill  particular  military  and  industrial  needs. 

Brief  physical  specifications:  TVs  ips  tape  speed;  7-inch  reels; 
remote  and  local  control;  record  only,  tapes  reproduced  on  other 
Ampex  recorders;  23  pounds  total  weight  including  shock  mountings. 


MR-100  — MISSILE  RECORDER 

A  recorder  that  rides  in  a  missile,  recording  performance  data  and 
playing  back  in  reverse  upon  reentering  range  of  radio  receivers. 
Playback  is  automatic  or  in  response  to  command.  The  MR-100  with¬ 
stands  shocks  up  to  75g.  Complete  two-piece  unit  occupies  less  than 
l/5th  cubic  foot.  This  recorder  is  applicable  to  other  uses  where  its 
ruggedness,  compactness  and  operational  sequence  are  needed. 

Brl*f  physical  spsclflcstlons:  60  ips  tape  speed;  precision  514- 
inch  reels;  V4-inch  tape;  two  tracks;  4  minutes  recording  time;  tape 
transport  and  two-track  electronics  in  cable-connected  housings. 


UNQ-7— SHIPBOARD  RECORDER 

A  two-track  special-purpose  recorder  handling  7-inch  reels  with  two 
tracks  on  quarter-inch  tape.  It  has  two  s|)eeds,  3%  and  714  inches  per 
second.  This  recorder  is  shown  as  another  example  of  Ampex’s  de¬ 
velopments  for  military  purposes. 


FR-100A  — MOST  PRECISE  AND  VERSATILE 
The  best  recorder  for  critical  data  acquisition  and  processing  where 
low  flutter,  wide  dynamic  range  and  precise  ampUtudes  are  required. 
Typical  applications  are  data  telemetry,  dynamic  tests  on  engines, 
components  and  vehicle  structures,  and  continuouvpath  machine- 
tool  control.  The  Ampex  FR-IOOA  has  superior  performance  in  respect 
to  flutter,  low  E>-C  drift,  wide  frequency  response  and  precise  time- 
base  accuracy  (with  Servo  Speed  Control).  Construction  is  modular 
and  interchangeable.  Numerous  standard  accessories  are  available. 
Briaf  physical  spscificstlons:  Six  tape  speeds  1%  to  60  ips 
(32-to-l  overall  ratio);  lOVit  or  14-inch  maximum  reel  size;  Vt, 
or  1-inch  tape;  2  to  14  tracks;  plug-in  amplifiers  for  Direct,  FM- 
carrier,  PDM,  and  NRZ-digital  record  and  reproduce;  recorder  fits 
one  or  more  19-inch  rack  cabinets. 

FR-1100  — ADAPTABLE  AND  ECONOMICAL 

A  high-accuracy  instrumentation  recorder  recommended  for  general- 
purpose  laboratory  use,  spectrum  analysis,  vibration  testing  and  other 
comparable  applications.  The  FR-llOO’s  tape  mechanism  is  of  a  sim¬ 
ple  open-loop  design.  Accessibility  of  components  for  replacement  or 
service  is  extremely  good.  Modular  construction  makes  it  readily 
adaptable  to  new  or  special  problems.  Very  wide  speed  ratios  are 
available  in  a  multirange  version. 

Brief  physical  specifications;  Four  speeds  in  2-to-l  steps; eight- 
speed  multirange  option  provides  speed  ratios  as  high  as  100  to  1; 
lOVi-inch  reels;  V4  or  Vi-inch  tape;  2  to  7  tracks;  same  plug-in  am¬ 
plifiers  as  FR-100.\;  fits  19-inch  rack  cabinet. 

FL-100  — CONTINUOUS  LOOP 

The  FL-100  loop  recorder  provides  three  different  capabilities:  1 )  cy¬ 
clic  repetition  of  short  ta|)e  sections  for  analysis,  2 )  continuous  time 
delay  of  a  stream  of  information  and  3)  endless  monitoring  for  ca¬ 
lamity  anticipation.  Length  of  loop  is  continuously  variable  between 
minimum  and  maximum  values,  giving  cycling  times  ranging  from 
0.733  seconds  to  8  minutes  on  various  speed  and  loop-length  options. 
Brlaf  physical  spscificstlons:  Four  speeds  in  2-to-l  steps  or 
eight-speed  multirange  drive  with  same  options  as  FR-1100;  loop 
lengths  from  3'  8”  minimum  to  25,  50  or  75-foot  maximums;  Vi,  Vi 
or  1-inch  tape;  2  to  14  tracks;  same  plug-in  amplifiers. 

BOOB  — MOBILE  AND  AIRBORNE 

Newly  improved  version  of  the  world’s  most  widely  used  mobile  in- 
strunrentation  tape  recorder.  The  800B  records  flight-test  data  and 
information  acquired  in  "aerial  observation”  and  also  does  mobile 
service  on  the  ground.  In  compact  packaging,  the  Ampex  800B  pro¬ 
vides  virtually  the  same  recording  capabilities  as  Ampex’s  larger 
laboratory-type  recorders.  In  addition,  it  withstands  shock,  vibration, 
high  and  low  ambient  temperatures  and  high-altitude  air  pressures. 
Brl*f  physical  apaciflcatlona:  Record  only;  any  of  four  speeds 
available;  plug-in  amplifiers  for  Direct,  FM-carrier  or  PDM  record¬ 
ing;  lOVk-inch  reels;  Vk,  Vk  or  1-inch  tape;  2  to  14  tracks;  compact 
cable-connected  assemblies  fit  small  available  spaces. 


FR-300-MIGH-SPEED  DIGITAL 

For  reading  or  writing  of  digital  magnetic  tapes,  the  FR-300  offers 
transfer  rates  as  high  as  90,000  alpha-numeric  characters  per  second. 
It  is  the  first  digital  tape  handler  to  match  the  majority  of  big  elec¬ 
tronic  computers  both  in  speed  and  in  reliability  of  bit  reproduction. 
Start  and  stop  times  are  less  than  1.5  milliseconds  greatly  reducing 
buffer  requirements.  Ampex  furnishes  complete  digital  tape  systems 
including  tape  handler,  magnetic  heads,  amplifiers  and  special  Ampex 
Computer  Tape. 

Brl«f  physical  spscificstlons:  150  i|>s  tape  .speed;  lOVk-inch 
reels;  Vk  or  1-inch  tape;  7  to  16  tracks;  control  of  all  functions  by 
computer  command,  also  optional  local  control;  read  and  write  elec¬ 
tronics  will  accept  and  read  out  digital  information  in  any  of  a  variety 
of  forms;  complete  equipment  fits  one  19-inch  rack  cabinet. 

FR-AOO  and  FR-200A— AUXILIARY  DIGITAL 
For  lesser  computers  and  such  auxiliary  digital  equipment  as  con¬ 
verters,  printers,  etc.,  these  Ampex  digital  tape  handlers  provide  a 
wide  range  of  transfer  rates  to  match  any  particular  need.  The  Ampex 
FR-4()0  uses  many  of  the  high-performance  components  developed  for 
the  sensational  FR-300,  hence  is  a  very  heavy-duty  tape  handler  with 
tape  speeds  up  to  75  inches  per  second. 

Brief  physical  specifications:  Tape  speeds  up  to  75  ips;  lOVk* 
reels;  Vk  or  1-inch  tapes;  7  to  16  tracks;  remote  and  local  controls. 


Ampex  can  send  you  comprehensive  lit¬ 
erature  and  specifications  on  the  various 
models  shoten  and  also  a  1 6-page  brochure 
on  principles  and  applications  of  mag¬ 
netic-tape  instrumentation.  For  any  of 
these  ffrms,  write  Dept.  E-SSltG. 


MODIFIED  RECORDERS  AND  SPECIAL  SYSTEMS 
Many  regular  Ampex  models  can  be  furnished  with  special  tape 
speeds,  larger  reel  sizes,  front-access  mountings,  head  switching  sys¬ 
tems,  special  perfoimatKe,  system  buildups,  etc.  Ampex  has  a  large 
modification  engineering  section  thoroughly  experieiKed  in  this  work. 
The  jet-eiiginc  test  dolly  pictured  is  an  example  of  an  Ampex-devel- 
nped  system.  It  includes  an  FR-100  recorder,  preamplifiers,  monitor¬ 
ing  scopes  and  calibration  equipment  mounted  ruggedly  for  rolling  or 
trucking  anywhere  in  a  widespread  facility. 


AMPKX  INSTRUMENTATION  DIVISION 

860  CHARTER  STREET  •  REDWOOD  CITY,  CALIFORNIA 
PtkOft*  your  Ampsi  data  apacialiat  for  personal  attention  to  your  recording  needs. 
Ofticea  serve  U.  S.  A.  and  Canada.  Engineering  representatives  cover  the  free  world. 
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DELCO’S  FAMILY  OF  HIGH  POWER 

TRANSISTORS 


DT80 

TTi 

2N174A  ^ 

2N174  2N173' 

2N443 

2N278  ^ 

2N442| 

2N277  j 

2N441 1 

H  '  ^ll 

DT100  1 

,  Maximum  Collector  Current  ^ 

13 

13 

13 

13 

H 

H 

^^oximum  Collector  Voltage  (Emitter  Open)  ^ 

100 

oo 

o 

80 

80 

Soturotfon  Resistance  (13  amp.) 

.02 

.02 

.02 

•hm* 

,  Max.  Square  Wave  Power  Output  at  400 '^P-P* 

400 

310 

310 

310 

225 

225 

180 

180 

135 

135 

waftt 

-  Max.  Sine  Wave  Power  Output  at  400 '^P-P* 

180 

140 

140 

140 

100 

100 

80 

80 

m 

Power  Dissipation  (Stud  Temperature  25°C) 

70 

70 

70 

70 

70 

55 

55 

55 

_ 

55 

_ 

55 

want 

Thermal  Gradient  from  Junction  to  Mounting  Base 

1.0° 

1.0° 

1.0° 

1.0° 

Bl 

H 

IB 

m 

Bl 

Nominal  Base  Current 

1r  (Vk:  =  — 2  volts,  1c  =  — 1.2  amp.) 

-19 

-13 

-19 

:19 

-13 

-24 

1 

-24 

-13 

-27 

mm 

'Adequate  Heat  Sink  "Deiigned  to  meet  MIt-T- )  9500  1 3  (USAF)  1 1  JUNE  1957 


Performance  characteristics 
to  meet  your  switching^ 
regulation  or  power 
supply  requirements 


These  ten  Delco  Radio  alloy  junction  germanium  PNP 
power  transistors  are  now  in  volume  production.  They 
are  characterized  by  high  output  power,  high  gain,  and 
low  distortion.  And  all  are  normalized  to  retain  8ui)erior 
performance  characteristics  regardless  of  age. 

Check  the  data  chart  above— see  how  they  fit  your 
particular  requirements  in  current  switching,  regulation 
or  power  supply.  Write  for  detailed  information  and 
engineering  data.  Delco  Radio  maintains  offices  in  Newark, 
N.  J.  and  Santa  Monica,  Calif,  for  your  convenience. 


BRANCH  OFFK  ES 

Newark,  New  ieraey  Santa  Monira,  California 

IIHO  Kaymond  Boulevard  726  Santa  Monica  Boulevard 

Tel:  Mitchell  2-6165  Tel:  Kxbrook  3-M63 


DELCO  RADIO 

Division  of  General  Motors 
Kokomo,  Indiana 
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June  6,  ?958  —  ELECTRONICS  engineering  edition 


Have  you  heard  of  the  wonderful  one*hoss  shay 
:  That  v/as  built  in  such  a  logical  way 
It  ran  a  hundred  years  to  a  day  ? 

“For/’  said  the  Deacon,  “It’s  mighty  plaun 
That  the  weakest  place  must  stand  the  strain 
And  the  way  to  build  it  is  only  jest 
To  make  that  place  as  strong  as  the  rest. 


The  Deacon  followed  the  two  cardinal  principles  for 
reliability. 

1.  Know  the  stresses  your  component  will  be 
subject  to  (in  other  words  know  the  environment). 

2.  Build  faithfully  to  the  specifications  that  cope 
with  this  environment. 

At  CPPC  we  feel  one  of  our  great  assets  is 
careful  manufacture  by  a  skilled  and  conscientious  crew. 


Reprints  of  the  complete,  original  poem  — 
The  Deacon's  Masterpiece  or  The  Wonderful  One-Hoss 
Shay  by  Oliver  Wendell  Holmes  sent  upon  request. 


LOOK  TO  CPPC  POP  SYMCHR 


PROGRESS 


CLIFTON  PRECISION  PRODUCTS  COMPANY,  INC. 

Clifton  Heights  Pennsylvania 


ELECTRONICS  engineering  edition  —  June  6,  1958 
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302  STAtNLtSS  CASt 


TRANSfORMiK 

4750 


•ONt 


MMMiTK 
COMPOHtHTS 


HEARING 

AIDS 


COMPONt-NTS 


RECORDING 

HEADS 


COMPOHtW^ 


ANY  MAGNETIC  MATERIALS  JOB 


You  can  rely  on  core  materials  like 
the  Allegheny  4750  components  illus¬ 
trated  above,  in  your  receivers,  record¬ 
ing  heads  or  microphone  assemblies. 

In  fact,  whether  your  equipment  is 
small  or  large,  the  extra-broad  line 
of  A-L  magnetic  materials  will  solve 
your  magnetic  core  problems.  It  in¬ 
cludes  all  grades  of  silicon  steel  sheets 
or  coil  strip,  as  well  as  Allegheny 
Silectron  (grain-oriented  silicon  steel), 
and  a  wide  selection  of  high -permea¬ 


bility  alloys  such  as  4750,  Mumetal, 
Fermcndur,  etc. 

Our  service  on  these  materials  also 
includes  complete  facilities  for  the 
fabrication  and  heat  treatment  of 
laminations.  (For  users  of  electrical 
sheets  and  strip,  our  lamination 
know-how  is  a  real  bonus  value!) 
Either  way,  we’ll  welcome  the 
chance  to  serve  you.  Allegheny  Lncilnm 
Steel  Corporation,  Oliver  Building, 
Pittsburgh  22,  Pa. 


o«A/Copt{ 

MAGNETIC 

MATERIALS” 


This  32-page  book  contains  valuable 
data  on  all  Allegheny  Ludlum  mag¬ 
netic  materials,  silicon  steels  and  spe¬ 
cial  electrical  alloys.  Illustrated  in  full 
color,  includes  essential  information 
on  properties,  characteristics,  applica¬ 
tions,  etc  5'our  copy  gladly  sent  free. 

ADDRESS  DEPT.  E-6 


STEELMAKERS  to  the  Electrical  Industry 
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The  Ideal  Approach  to  SSB... 

Eimac  Ceramic  Tetrodes  from 


325  to  11,000  watts 


Generating  a  clean  SSB  signal  is  one  thing  . . .  amplifying 
it  ta  the  desired  pawer  level  with  stability  and  no  distor¬ 
tion  is  another.  A  modern  Class  AB,  final  amplifier  design¬ 
ed  around  an  Eimac  ceramic-metal  tetrode  is  the  ideal 
answer  to  the  problem.  The  Eimac  ceramic  linear  amplifier 
tubes  shown  above  —  the  4CX250B,  the  4CX300A,  the 
4CX1000A  and  the  4CX5000A  —  offer  the  high  power 
gain,  low  distortion  and  high  stability  that  is  needed  for 
Class  AB,  operation.  Each  has  performance-proved  re¬ 
serve  ability  to  handle  the  high  peak  powers  encountered 
in  SSB  operation.  Efficient  integral-finned  anode  cooler 


and  Eimac  Air  System  Sockets  keep  blower  requirements 
at  a  minimum  and  allow  compact  equipment  design.  And, 
all  four  incorporate  the  many  advantages  of  Eimac  ce¬ 
ramic-metal  design,  which  assures  compact,  rugged,  high 
performance  tubes. 

The  high  performance  and  reliability  of  Eimac  ceramic 
tetrodes  make  them  the  logical  starting  point  in  the  design 
of  compact,  efficient  single  sideband  equipment. 


Write  our  Application  Engineering  Department  for 
a  copy  of  the  technical  bulletin  “Single  Sideband" 

EITEL-McCULLOUGHg  INC. 

SAN  BRUNO  -  CALIFORNIA 

Si*MC  *pOut  with  ceramic  tubes  that  can  take  it 


CLASS  ABi  SSB  OPERATION 


Plate  Voltage  .  .  . 
Driving  Power  .  .  . 
Peak  Envelope  Power . 


4CX250B 
2000  V 
Ow 
325  w 


4CX300A 
2500  V 
0  w 
400  w 


4CX1000A 
3000  V 
0  w 
1680  w 


4CX5000A 
7500  V 
0  w 
11,000  w 
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FIVE  constant  voltage  transformer  types  answer  most  stabilizing  needs 


Constant  Voltage  Filament  Transformers*  are  widely  former  as  a  component  of  the  power  supply  (shown  right), 
used  by  manufacturers  of  electronic  equipment  The  Sola’s  current-limiting  characteristic  protects  fila- 
who  know  that  inrush  current  and  fluctuating  ments  from  cold  inrush  current  upon  starting.  It  regulates 

voltage  to  electron  filaments  are  costly  in  short-  filament  voltages  to  within  ^1%  with  line  voltage  varia- 
ened  tube  life  ...  in  substandard  p)erformance  and  unnec-  tions  as  great  as  ±15%;  response  is  within  1.5  cycles, 
essary  failures.  That’s  why  Electro-Pulse,  Inc.,  manufac-  Stock  units  are  available  from  2.37  to  25  amp  ratings, 
turers  of  the  Megacycle  Pulse  Code  Generator  (shown  Custom  designs  can  be  manufactured  in  production  quan- 

left),  builds  in  a  Sola  Constant  Voltage  Filament  Trans-  titles  for  specialized  applications. 

Standard*:  Constant  Voltage  Trans¬ 
formers  for  electrical  and  electronic 
equipment  .  .  .  regulation  ±1%  .  .  . 
response  within  1.5  cycles  ...  no 
tubes,  moving  parts  or  manual  ad¬ 
justments  .  .  .  static-magnetic  regu¬ 
lation ...  limits  current  on  load  faults. 


Plat«-Filam«nt*:  Regulation  is  ±3% 
with  line  input  between  100-130v  .  . . 
plate  and  filament  windings  are  com¬ 
bined  on  a  single,  compact  core  for 
chassis  mounting  .  .  .  good  isolation 
of  input  and  output  circuits  .  . 
automatic,  static- magnetic  regulation. 


3 


Harmonic-Free*:  Output  voltage  wave 
has  less  than  3^  total  rms  harmonic 
content  .  .  .  other  features  identical 
with  standard  type  .  .  .  automatic, 
continuous  regulation  .  .  .  for  rec¬ 
tifiers  and  other  loads  sensitive  to 
harmonics  .  .  .  low  external  field. 


Adjuitable,  Harmonic-Free:  Provides 
output  adjustable  from  0-130  volts  ac, 
also  flxed  115  volts  ac  .  .  .  regulates 
within  ±1%  with  less  than  3%  total 
rms  harmonic  con  tent...  portable  for 
lab  or  shop  bench  use,  or  mounts 
on  19"  relay  rack. 


•Stock  or  custom  units  Send  for  Circular  7F-CVF-269 

Sola  Electric  Co.,  4633  W.  16th  St.,  Chicago  SO,  III.,  Bishop  2-1414  •  Offices  In  Principal  cities  •  In  Canada,  Sola  Electric  (Canada)  Ltd.,  24  Canmotor  Ave.,  Toronto  14,  Ont.  • 
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ANAIAC  ts  o  true  production-line  wire.  Thii  film-insulated  solderoble  maqnet  wire  does  away 
with  pre  strippiHQ  before  soldering,  lends  itself  to  gang  soldering,  to  iron,  gun  and  dip  soldering. 

Now,  just  one  stepi  Analac  lets  you  solder 
without  pre-stripping  I 

Anaconda's  Analac*  magnet  wire  saNes  time  and  money  on  the  visible,  helping  operators  turn  out  higher  quality  work, 
prixluction  line.  This  tilm-insulatcd,  solderable  magnet  wire  can  Analac,  105°C  (.AIEE  Class  A)  wire,  is  available  in  sizes  from 

be  used  just  as  you  use  Eormvar  or  Plain  Enamel — with  this  plus  15  Awg  to  46  Awg. 

advantage  ...  it  is  solderable  without  pre-stripping  the  insulation.  The  Man  from  Anaconda  will  be  glad  to  give  you  more  in- 

Analac  cuts  down  labor-time  where  many  solderable  connec-  formation.  See  “Anaconda”  in  your  phone  book — in  most 
tions  are  to  be  made.  It’s  ideal,  ti>o,  where  removal  of  the  in-  principal  cities  or  write:  Anaconda  Wire  &  Cable  Company, 

sulation  is  a  hazard  to  the  wire.  Soldering  Analac  by  dipping,  25  Broadway,  New  York  4,  N.  Y  •  •Hck.  U.  S.  pm.  Off.  iB3fiZ 

iron  or  gun  prtHluccs  a  perfect  joint. 

It  performs  well  in  high-speed  winding!  Analac  has  the  ex¬ 
cellent  abrasion-resistance  and  other  mechanical  advantages  of  SEE  THE  MAN  JA  _  _  _  ® 

the  enamel  wire  you’re  now  using.  FROM  \J 

Distinctive  red  color  simplifies  identilication  ...  is  highly  READY-TO  SOLDER  ANALAC  MAGNET  WIRE 

For  details  on  how  you  can  save  with  Analac.  and  for  engineering  data — please  turn  the  page! 


ANATHEDM  lAlff  Com  FI 

fempdruture 


PLAIN  ENAMil  lOS^’C  Oats  Al 
lo<Y-COif  eojmrsitfj  mo^n«>t  wire 


PORMVAR  n^'C  'AIEE  Oois  A) 
evtoDlisheJ  J'*peniobib^ 


VITROTEX  'AIEE  Class  B»  EPOXY  I30”C  'AIEE  Closs  B) 

glas»-invjlo*e3,  h»jh  ht»ot  resistance  general  co»npo*it>il»'y 
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MAGNET  WIRE 
DATA  SHEET 

from  ( 

Anaconda  Wire  &  Cable  Co. 


IMPORTANT  FACTS  FOR  YOUR  WORK... 


about  Analac  105°C  (AIEE  Class  A)  Magnet  Wire 


soiDERABiiiTY.  Anaconda’s  Analac  can  be  used  to  overcome  high 
cost  of  insulation  stripping  by  adapting  your  present  system  to 
automatic  soldering  techniques.  Your  Anaconda  sales  representa- 
ti\e  can  arrange  for  cooperation  from  Anaconda's  Research 
Laboratories  to  help  you  take  full  advantage  of  Analac's  cost¬ 
saving  possibilities. 

Analac  is  versatile;  lends  itself  to  gang  soldering,  to  iron,  gun 
and  dip  soldering.  Anaconda's  Analac  Booklet  contains  full  in¬ 
formation  on  soldering  methods,  fluxes,  temperature  control. 
Lise  the  coupon  below  for  your  copy. 

WINDABILITY.  Analac  is  abrasion-resistant  .  . .  has  excellent  lubricity 
and  surface  characteristics  which  make  it  readily  adaptable  to 
automatic  high-speed  winding  operations.  Can  be  used  on  vour 
present  equipment  no  retooling  is  necessary  to  adapt  solderable 
Analac. 

COMPATiaiilTY.  Analac  is  compatible  with  most  insulation  varnishes 
presently  being  used. 

TECHNICAL  PROPERTIES 

MECHANICAL  PROPERTIES 

Analac  has  excellent  mechanical  properties.  The  film  possesses 
superior  abrasion-resistance  and  flexibility  under  a  number  of 
varied  conditions — such  as  heat,  cold  and  moisture.  The  wire 
shows  no  cracks  when  elongated  rapidly  to  the  breaking  point. 
It  will  also  withstand  3  times  diameter  wrap  after  20  percent 
elongation. 


MOISTURE-RESISTANCE 

Analac’s  moisture-resistance  is  excellent,  particularly  in  size  range 
25  and  heavier.  It  offers  moisture-resistance  superior  to  most 
other  film-type  insulations. 


New  Analac  Booklet — yours  for  the  asking! 

Latest  information . . .  full  technical  data. 

Mail  coupon  for  your  copy. 

ANACONDA  WIRE  «St  CABLE  COMPANY 

25  BROADWAY,  NEW  YORK  4,  NEW  YORK 

Please  send  copy  of  your  Analac  Magnet  Wire  Booklet.  I  am  interested 
in  heavy  or  intermediate  size  (15  Awg  to  30  Awgj — ;  line  sizes  (31 
Awg  or  finer) — . 


ELECTRICAL  PROPERTIES 

Analac  has  superior  dielectric  strength  both  in  a  dry  condition 
and  after  exposure  to  high  humidity.  Meets  Nl  MA  twist  test 
requirements.  Analac  has  unusually  low  dielectric  losses  at  htgh 
frequencies,  which  arc  only  slightly  affected  by  high  humidity. 
Thus  Analac  is  particularly  suited  for  cltxtronic  uses. 


CHEMICAL  PROPERTIES 


Analac  has  good  resistance  to  the  action  of  solvents,  water,  and 
dilute  acids  and  bases.  Analac  will  withstand  24  hours'  immersion 
at  room  temperature  in  most  varnish  solvents  including  naphtha, 
toluol,  xylol,  and  ethyl  alcohol.  Shows  excellent  resistance  to  5% 
sulfuric  acid  and  5%  potassium  hydroxide.  ^ 


THERMAL  PROPERTIES 


NAME  A  TITLE. 

COMPANY _ 

ADDRESS . 


Analac  is  offered  as  I05°C  fAIEE  Class  A)  magnet  wire,  although 
its  thermal  stability  shows  it  is  capable  of  performance  at  much 
higher  temperatures.  Analac's  thermoplastic  flow  cut-through  data, 
obtained  on  basis  of  MIL-W-583A  methods,  has  been  above  200°C'. 


CITY,  ZONE.  STATE. 
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The  Transformers,  Inc.  Model  214  A.  C.  Ratiometer  is  a  precision  instru¬ 
ment  to  measure  any  voltage  ratio  from  0.()00(X)1  to  l.l  1 1 1 1 1.  Transformer 
ratios  can  be  accurately  measured  at  "no  load"  or  under  any  required  load. 

The  Model  2 14  Ratiometer  is  designed  for  use  bens’een  25  cps  and  2,500  cps. 
It  is  supplied  with  plug-in  filter  and  quadrature  units  for  400  cps  operation. 
Plug-in  units  for  any  other  frequency-  are  supplied  to  order. 

b  accuracy 

t-->T  I  + 


ISOiATtON 

TtANVOftMlt 


tATIO 

VARlAAlf 

TiANS^OtMft 


VOlTAOe 

I 


CXiAOtATUtf 

VAtlAftlE 

TtANVOtMEt 


TtANSfOtMf* 
UNOCt  TEST 


OUAOtATUtC 

NCTWOtK 


SICNAI  MtXEt 
TIANSEOtMEt 


FREQUENCY  RANGE 

25  cps  lo  2,500  cps 

MAXIMUM  VOLTAGE 

Twice  the  frequency  in  cps, 
or  250V,  whichever  is  lower. 


PRICE 


Model  214  Roliometer,  com-  — 

plete  with  400  cps  plug-in  RlyjQ 
filler  and  quadrature  units 


The  Ratiometer  consists  of  two  precision  variable  transformers, 
o  calibrated  quadrature  injector,  a  filler,  and  a  pre-amplifier. 
Block  diagram  indicates  connections  of  the  various  components 
within  the  instrument. 


T 


For  additional  information,  ask  for  Bulletin  #  205 

RANSFORMERS,  INCORPORATED 


200  Stage  Road,  Vestal,  N.Y. 
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Convair  F-I06  all-weather  jet  interceptor  incorporates  Honeywell  Three-Axis  Turn  Role  Tronsmitter  in  flight  control  domper  system 


Three-axis  control  at  aU  speeds  and  altitudes 


Gnat  Rote  Gyro 
shown  %  size. 
Weight:  3.8  ounces. 


The  Honeywell  Three-Axis  Turn  Rale  Transmitter,  featuring  three  Gnat  miniatur* 
ized  gyros,  was  selected  for  the  new  Convair  F-106  “Delta  Dart"  all-weather  jet  inter¬ 
ceptor.  Built  into  the  stability  augmentation  sub-system  of  the  jet's  flight  control  system, 
the  Transmitter  detects  rate  of  turn  about  the  yaw,  pitch  and  roll  axes  and  responds 
with  an  output  signal  whose  voltage  is  proportional  to  these  input  rates  of  turn. 

This  system  is  designed  to  operate  under  the  most  severe  environmental  conditions 
to  which  a  combat  aircraft  might  be  subjected.  The  Honeywell  Gnat  Rate  Gyros  are 
easily  capable  of  withstanding  the  severe  shock,  vibration  and  temperature  require¬ 
ments  of  this  application  and  as  such  are  mounted  directly  upon  the  base  casting  with¬ 
out  shock  mounts  to  optimize  dynamic  characteristics  of  the  system. 

The  electronic  portion  of  the  Turn  Rate  Transmitter  amplifies  and  demodulates  the 
Gyro  output  signals  to  provide  ptolarity  reversing  d-c  outputs  proportional  to  the  corre¬ 
sponding  input  rate  to  each  Gyro. 

Investigate  Honeywell’s  ability  to  develop,  engineer  and  produce  flight  control  systems 
for  today’s  most  advanced  aircraft  and  missiles.  Write  for  Bulletin  GN  to  Minneapolis- 
Honeywell,  Boston  Division,  Dept.  7,  40  Life  .Street,  Boston  35,  Mass. 

Honeywell 
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400mA  600v 

silicon  rectifiers 


in  al 


package! 


One  of  35  PSI  rectifiers  representing  the  1 
broadest  range  of  miniature  and  subminiature  1 
silicon  rectifiers  in  the  industry.  1 

ProRress  in  silicon  rectifier  manufacture  in  the  past  | 

six  months  has  significantly  outmoded  recent  design  % 

concepts.  Notable  advances  have  been  made  in  ' 

miniaturi^ation  . . .  improved  types  have 
bt'cn  introduced  . . .  the  relationship  between  power, 
size  and  price  has  been  drastically  changed.  | 

Pacific  Semicovdcctors.  Inc.  has  added  numerous  j 
t>  pes  ranging  from  50\’  to  &Hh- .  . .  200  to  .500m.\. 

PSI  is  now  delivering  the  hiRhcst  voltage,  highest  current 
silicon  rectifiers  ever  offered  in  a  suhminiature  package. 

If  your  problem  involves  further  miniaturization, 
it  will  pay  you  to  look  at  the  new  PSI  line  of  silicon 
rectifiers.  Compare  these  husky  subminiatures  with  the 
bulkier  t\  pes  you  have  l)een  specifying.  It’s  cjiiite  possible 
you’ll  find  substantial  performance,  size 
and  c-ost  advantages. 

Production  (piantity  delivery  is  Ix'ing  made  on  all 
PSI  rectifier  t\  pcs.  Detailed  specifications  available 
on  request. 

T.M. 

Pacific  Semiconductors. Inc 

10451  West  Jefferson  Boulevard,  Culver  City,  California 
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AEROCOM'S  1046  H.  F.  TRANSMIHER 


POWER  « STABILITY 


1000  WAns 


WITH 


.003%  STABILITY 


Rugged,  versatile  general  purpose  H.F. 
transmi  tter— Aerocom  's  1046  packs  1000  watts 
of  power  and  high  .003%  stability  under 
normal  operating  conditions  (O^to  +  SO^C.). 
Excellent  for  point-to-point  or  ground-to- 
air  communications. 

Multi-channel  operation  on  telegraph  Al, 
or  telephone  A3  with  GM-8A  modulator . . . 
new  Aerocom  1046  can  be  remotely  controlled 
with  TMC-R  at  control  position  and  uses  only 
one  pair  of  telephone  lines.  In  A3  operation, 
the  local  dial  control  panel  is  located  in 
modulator  cabinet. 

Transmitter  cabinet  has  8^  inch  panel 
space  available  for  either  local  dial  control 
panel  or  frequency  shift  keyer. 

Model  1 046  operates  on  4  crystal-controlled 
frequencies  (plus  2  closely  spaced  frequen¬ 
cies)  in  the  band  2.0—24  Mcs.  Operates  on 
one  frequency  at  a  time;  channeling  time 
2  seconds.  Operates  into  either  balanced  or 
unbalanced  loads.  Operates  in  ambient  -35” 
to+50®  C.  Power  supply:  nominal  220  volts, 
50-60  cycles,  single  phase. 

Complete  technical  data  on  request 

Now!  Complete-package,  192  channel,  H.  F., 
75  pound  airborne  communications  equipment 
by  Aer-O-Com!  Write  us  today  for  details! 


AEm-O-^OM 


3090  S.W.  37th  AVENUE 


MIAMI  33,  FLORIDA 
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.WIRE 

FIXED 


1  I  ■  I  I. 

FAR  EXCEED  PROPOSED  1Mlt.*R>93a 


Type  FC 


Type  CB 


Type  FA 


Type  JD 


Type  F2B 


Type  H3C 


Type  H3F 


Type  L3H 
SPL 


COMPARATIVE  DATA  REPORT 

Note  Exceptional  Stability.  Note  extent  that  MIL>R-93B  is  exceeded 


All  resistors 
shown  Yt  ^ 
actual  size 


MIL-R-938  (propoMd)  Tests 

MIL  Requirement 

CTS  Maximum 

CTS  Average 

Short  Time  Overload 

0.5% 

.05%  1 

.02% 

Temperature  Cycling 

0.2% 

.05%  j 

.02% 

Moisture  Resistance 

100  megs 

1.0% 

1000  megs  (min) 
.1% 

.05% 

Salt  Water  Immersion  Cycling 

0.5% 

.03% 

.015% 

Load  Life  at  125<’C  or  SS’C  (500  hours) 

0.5% 

.15% 

.05% 

Temperature  Coefficient 

Less  than  2000  ohms 

2000  ohms  and  over 

Up  to  75  PPM/'C 

30  PPM/*C 

30  PPMZ-’C 

20  PPM/oC 

— 

Low  Temperature  Storage 

1.0% 

.01% 

.005% 

Low  Temperature  Operation 

1.0% 

.05% 

.02% 

High  Temperature  Exposure  (145'’C) 

1.0% 

.05% 

.02% 

Acceleration 

0.1% 

.02% 

.008% 

Shock 

0.1% 

.02% 

.008% 

Vibration 

0.1% 

.02% 

.008% 

e  No  Wire  Strain.  Unique  CTS  "floating  ele¬ 
ment"  needs  no  bobbin  or  winding  form  . .  . 
permits  resistance  elements  and  contacts  to 
be  firmly  embedded  in  epoxy  resin  . . .  form¬ 
ing  a  monolithic  mass  with  a  smaller  space 
factor. 

•  Permanent  Stability— Less  than  .05%  average 
change  under  most  environmental  conditions 
and  shelf  life. 

•  5PPM/*C  Temperature  Coefficient  available. 

a  100%  Tested— High  temperature  exposure 
and  short  time  overload  tests  are  run  on  all 
resistors  before  shipment. 


•  Guaranteed  Close  Tolerance  —  Resistors 
guaranteed  to  be  in  tolerance  under  normal 
conditions  of  measurement.Tolerances  down 
to  ±0.05%  available  in  standard  sizes  de¬ 
pending  upon  resistance  value.  Closer  toler¬ 
ances  and/or  matched  multiples  available. 

•  Low  Inductance  and  Low  Capacitance  Char¬ 
acteristics  with  reproducible  uniform  fre¬ 
quency  response. 

•  Withstands  extreme  vibration  and  shock  due 
to  unique  construction  and  encapsulation 
method. 

•  Modular— Design  flexibility  permits  grouping 
many  resistors  in  a  single  unit. 


Available  in  a  wide  variety  of  tubular,  rectangular  or  square  shapes.  Special 
dimensions,  tolerances,  wattage  ratings,  resistances,  etc.  can  be  made  to 
your  precise  requirement.  Either  axial  or  radial  leads  available. 

For  help  in  solving  your  fixed  resistor  problems,  phone  or  write  your  nearest 
CTS  office  today. 


^MIL-R*93B  (proposed)  soon  to  be  issued,  superseding  MIL-R-93A. 


CHICAGO  TELEPHONE  SUPPLY 
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A  MESSAGE  TO  AMERICAN  INDUSTRY  •  ONE  OF  A  SPECIAL  SERIES 


Are  You  Preparing  Now 
For  The  Next  Boom? 


Americans  leading  coiiipaiiie;!*  are  not 
sitting  on  their  liand^  waiting  for  the  re- 
ees>!jion  to  end.  They  are  planning  ahead  now 
for  higher  sales  and  near-capacity  rates  of 
operation. 

These  facts  stand  out  clearly  from  the  elev¬ 
enth  annual  survey  of  Business’  Plans  for  New 
Plants  and  Equipment  just  completed  hy  the 
McGraw-Hill  Department  of  Economics: 

O  Manufacturing  companies  expect 
their  sales  to  increase  20%,  on  the  aver¬ 
age,  from  1958  to  1961.  Growth  industries, 
such  as  chemicals  and  electrical  machinery,  ex¬ 
pect  gains  of  25%  to  34%. 

•  If  these  sales  gains  are  achieved,  the 
average  rate  of  operations  in  manufactur¬ 
ing  will  rise  from  78  %v  at  the  end  of  19.57 
to  almost  8,5%  hy  1961.  Thi  s  is  the  point  at 
which  pressure  on  costs  begins  to  mount,  as  less 
efficient  facilities  are  pressed  into  service. 

*  Industry  is  not  waiting  for  this  point 
to  begin  getting  its  plants  and  equipment 
in  shape  for  the  next  boom.  Despite  record 
expansion  in  the  past  several  years,  many  man¬ 
ufacturing  companies  plan  to  add  new  capacity 


in  each  of  the  next  four  years.  But,  more  impor¬ 
tant,  they  are  going  ahead  with  the  vital  job  of 
moderni/ation  and  cost-cutting. 

In  the  years  immediately  ahead  almost  two- 
thirds  of  capital  investment  will  go  for  mod¬ 
ernization  and  replacement  of  pres<*nt  plants 
and  e(pii[)ment.  In  this  way  manufacturing 
companies  can  avoid  the  higher  costs  and  the 
stpieeze  on  profits  that  occur  when  proilucing 
facilities  are  not  in  shape  to  handle  an  increase 
in  sales  volume. 

These  are  the  plans,  as  reported  to  McGraw- 
Hill,  of  a  wide  sample  of  manufacturing  com-, 
panics— for  the  most  part,  large  firms  and  lead¬ 
ers  in  their  respective  industries.  Altogether, 
these  firms  account  for  almost  40%  of  all  em¬ 
ployment  in  manufacturing  industries. 

Now  Is  The  Time 

How  do  your  plans  measure  up?  Are  you 
planning  ahead  now  for  a  20%  sales  increase 
in  the  next  three  years?  Is  your  company  plan¬ 
ning  to  modernize  its  buildings  and  erpiipment 
more  rapidly  than  at  any  time  in  the  recent 
past?  If  not,  here  are  some  of  the  inducements 


that  McGraw-Hill  editors  report  from  their  con¬ 
tinuous  checking  on  the  state  of  husiness. 

( 1 )  1  here  are  plenty  of  opportunities  for 
inereasing  efficiency  hy  the  installation  of 
new  equipment  and  the  improvement  of 
luy«>nts  in  plants,  warehouses  and  offices. 
Despite  the  installation  of  tremendous  volumes 
of  metalworking  e<piipment  in  recent  years, 
according  to  AMEKit:AN  Machinist  over  half 
of  the  machine  tools  now  in  U.  S.  factories  are 
over  10  years  old.  Keplacenient  of  worn-out 
and  obsolete  ecpiipment  will  mean  material 
savings  in  operating  and  maintenance  costs. 

(2)  Machinery,  parts,  materials  and  labor 
are  much  imire  readily  available  now  than 
they  are  when  the  economy  is  rnnning  at 
full  steam.  You  can  he  more  particular  about 
(piality  and  about  specification  to  meet  your 
own  requirements. 

(.'f )  ^’ith  lower  interest  rates  and  less  com¬ 
petition  for  loans,  it  is  both  easier  and 
cheaper  to  borrow  money  to  finance  eipiip- 
nient  and  construction.  To  wait  for  another 
boom  is  to  run  the  risk  of  having  to  pay  higher 
interest  rates  and  look  harder  for  money. 

(4)  Although  there  is  an  ad«‘(piate  supply 
of  most  types  of  labor  available  now,  the 
prospect  is  that  the  supply  of  factory  labor 
over  the  years  ahead  will  he  tight.  In 
there  will  actually  be  fewer  men  and  women 
between  tlie  ages  of  25  and  14  than  there  are 
now.  (iood  factory  workers  will  be  either  hard 
to  get,  or  wage  rates  will  rise  sharply  or— more 
likelv— both.  The  best  answer  is  to  anticipate  the 
rise  in  labor  costs  by  installing  more  efhcient 
equipment  to  increase  labor  productivity. 

(.5)  Finally,  the  costs  of  investing  in  new 
hiiildings  and  improved  equipment  now 
are  almost  surely  less  than  they  will  he 
later. 

These  are  some  of  the  reasons  why  many 
leading  firms  find  now  the  best  time  in  years 
to  stall  on  a  program  of  plant  modernization. 
There  are  other  gootl  reasons  in  the  many  new 


products  and  processes  coming  from  the  boom 
in  research  and  development.  This  year  indus¬ 
try  w  ill  spend  over  S8  billion  on  R  &  D— SI  bil¬ 
lion  more  than  in  1957.  And  a  heavy  share  of 
the  new  product  development  will  consist  of 
better  machines  and  processes  to  be  made  avail¬ 
able  during  the  next  few  years.  Already  the 
pace  of  technical  advance  is  so  rapid  as  to  call 
for  modernization  of  plants  built  only  a  few 
years  ago. 

Years  of  Opportunity 

It  has  been  said  that  the  years  between  now 
and  1961  are  the  “middle  years”  between  two 
booms.  This  does  not  mean  a  long  period  of 
recession,  but  a  period  of  slower  growth  —  a 
transition  from  the  postwar  boom  based  on  de¬ 
ferred  demand,  to  a  new  boom  in  the  1960s 
based  on  dynamic  population  grow  th  and  a  rev¬ 
olution  in  technology. 

If  su.  these  are  the  years  of  opportunity 
for  business — opportunity  to  prepare  for 
the  growth  that  lies  ahead  with  the  most 
eftieieiit  equipment,  the  most  modern 
plant  and  the  best  pr<»dnetioii  organiza¬ 
tion  that  can  he  devised.  This  is  the  way 
to  fight  higher  costs  and  avert  a  resump¬ 
tion  of  inflation.  This  is  also  the  way  to 
ensure  that  your  conqiany  will  he  ready 
for  its  new  markets  in  the  1960s. 

Are  you  planning  ahead  tunc  to  be  among 
the  leaders? 


The  synchroscope  204  A,  an  apparatus  of  very 
high  performance,  is  unique  in  making  it  possible 
to  record  ultra-rapid  phenomena  reachingseveral 
thousand  kilometers-second.  It  offers  the  same 
characteristics *of  precision  and  safe  operation 
that  have  secured  the  universal  reputation  of  the 
Electronic  Department  of  the  Ribet-Desjardins 
Company. 
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Ribet-Desjardins  are,  among 
others,  suppliers  for  : 


TheFrench  AtomicEnergy  Authority, 
National  French  Center  for  Scientific 
Research,theMarcel  Dassault  Aircraft 
Works,  the  Bretigny  Flight  Test 
Center,  the  French  National  Defence, 
SNCF(theFrench  Railways), Oerlikon 
(Switzerland),  Transmission  Services 
for  the  Belgian  and  Netherlands 
Armies,  the  Universities  of  Liege  and 
Brussels,  Polish  and  YugoslavCentraJ 
Purchasing  Authorities,  Brandt 
Company,  French  Public  Health 
(neuro-biologicservices  for  hospitals). 
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In  order  to  receive  technical  particulars  on 
the  equipment  of  in  terest  to  you  please  write  to 


Mli 


4S7  I 


+/-  S”/ 


m 


CIRCLE  34  READERS  SERVICE  CARD 


June  6,  ?958  —  ELECTRONICS  engineering  edition 


NUCLEAR  ENERGY 
BALLISTICS 
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SYNCHROSCOPE  204  A 
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MEASURE  -  CONTROL  DEPARTMENT 
13-17,  Rue  Perier,  Montrouge  (Seine),  France 
Tel.  ALE.  24-40  -  CODE  WORD ;  PILACELECT,  MONTROUGE 
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Five  new  PNP  Drift  transistors,  types  2N247,  2N370,  2N371,  2N372 
and  2N544,  for  radio  frequency  amplifier  service 


Sylvania’s  new  PNP  Germanium  Drift  ter  lead  is  connected  to  the  metal  case 

transistors  feature  high  output  resistance  providing  a  complete  unit  shield  and 

for  increased  gain  at  1.5  me  to  20  me,  interlead  shield.  Coupling  to  adjacent  cir- 

low  feedback  capacitance  and  high  alpha  cuit  components  is  reduced  to  a  minimum, 

cutoff  frequency. 

Designed  for  RF-IF  circuits,  they  open 
the  door  to  more  transistorized  electronic 
equipment  operating  from  the  broadcast 
band  to  the  higher  frequencies. 

The  new  Sylvania  drift  transistors  in¬ 
corporate  a  diffused  base  on  an  intrinsic 
germanium  layer  for  improved  control 
over  base  thickness,  more  uniform  base 
region,  lower  base  resistance  and  reduced 
collector  capacitance.  The  end  result  is  su¬ 
perior  performance  at  higher  frequencies. 

The  new  PNP  drift  transistors  feature 
Sylvania  welded  hermetic  seal  construc¬ 
tion  for  maximum  protection  in  rugged 
environments.  They  are  encased  in  a 
modified  JETEC  class  30  case  with  four 
flexible  in-line  leads.  The  additional  cen- 


Call  your  Sylvania  Sales  Representative 
or  write  direct  for  information  on  new 
Sylvania  PNP  drift  transistors,  types 
2N247,  2N370,  2N371,  2N372  and  2N544. 


ELECTRICAL  CHARACTERISTICS  (ZS-’C) 

2N247  2N37*  2N37I  2N372 


2NS44  I'nit 
db 


Poww  CtMI.  ft 

Vgj-  If-I  ff«q.«20.0  me 

Tv»ic«l 

MUiiwhiir 


RevWM  Bits*d  CoMtetor  Vottsft. 

MiAMmui 

Tirpscal 

MaiMHim 


CaMactor  Bm*  Capacitartca.  CoB 
VcB*  U.  If  *<1.  Fraa  *l.Sme 
MiRimaiii 
Typical 

MagHfium 


Sylvania  Electric  Products  Inc. 
1740  Broadway,  New  York  19.  N.  V. 
In  Canada:  Sylvania  Electric  (Canada)  Ltd. 
Shell  Tower  Bldg.,  Montreal 
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SYLVANIA'S 

miniature  flashbulbs  give  greatly  increased  picture- taking  light. 


ZIRCONIUM  FOIL 

Boosts  Brilliance  of 
Picture  Lighting  in 

SYLVANIA’S 

New  Miniature  Fiashbulbs 


In  developing  its  new  M-25  and  M-5  miniature  flashbulbs  — > 
bulbs  that  give  picture-taking  light  equivalent  to  ordinary  bulbs 
four  times  as  large  —  Sylvania  Electric  Products  Inc.  chose 
General  Plate  as  a  dependable  source  for  zirconium  foil.  And 
G.P.  Zirconium  foil  plays  an  important  part  in  the  .success  of 
the  new  Sylvania  bulbs,  because  it  burns  more  efficiently  than 
previously  used  materials,  producing  an  ultra  brilliant  light 
burst  with  less  internal  pressure. 

G.P.  Zirconium  foil  is  available  in  widths  up  to  8  inches  and 
thicknesses  down  to  0.0007.5  inch.  G.  P.  Zirconium  sheet, 
rolled  down  to  0.014  inch  thickness,  can  be  supplied  .sheared 
or  slit  in  widths  from  14  inches  to  0.0.30  inch. 

Sylvania  is  another  of  the  many  hundreds  of  progressive  firms 
who  u.se  General  Plate’s  specially  rolled  strip  and  mill  products 

—  today  you  can  get  flat  stock,  rod,  wire  and  many  profile 
rolled  shapes  at  General  Plate  in  clad  and  single  metals,  includ¬ 
ing  reactive  materials  such  as  Zirconium  Zircalloy,  Hafnium, 
Tantalum,  etc. 

For  details  on  G.P.  Zirconium  write  for  bulletin  IND-16 

—  to  get  acquainted  with  the  G.P.  Metal  product  line,  write 
for  catalog  G.P.  1. 


METALS  &  CONTROLS 

General  Plate  Division 


A  Sendzitner  Mill  at  General  Plate  rollt 
Zirconium  foil  to  0.00075  inch 


'.LS  r , 


CORPORATION 

1306  Forest  Street,  Attleboro,  Mass. 


You  can  profit 
by  uRing 
General  Plate 
clad  metals 
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SILICON  RECTIFIERS 

designed  and 
manufactured  to  meet  j^ijl 

THE  NEW 

SPECIFICATIONS 

For  AXIAL  LEAD  TYPES 


1  N  5  3  8 

(MII-E-1/1084A) 


1  N  5  4  O 

(MIL-E-1/108SA) 


now  from 


1  N  5  47 

(MII-E-1/1083A) 


Maximum  Values  for  AUTOMATIC  Military  Type  Silicon  Rectifiers 
designed  to  meet  the  new  JAN  MIL-E-i  Specification 


DC  Output 
Current 
?5«  C. 
Ambient 
(MA) 


DC  Output 
Current 
(»  150®  C. 
Ambient 
(MA) 


JAN  IN538  200  750  250  0  350  i 

JAN  1N540  400  750  250  0.350  i 

JAN  1N547  600  750  250  0.350  i 

*Averog«d  over  1  cycle  for  inductive  or  resistive  lood  with 
rectifier  operating  ot  full  rated  current  at  ISO®  C.  ambients. 


Mountinf 
Axial  lead 
Axial  lead 
Axial  lead 


MIL-E-1 
Technical 
Spec.  Sheet 
No. 


PRODUCTION  QUANTITIES  OF  ALL  TYPES  AVAILABLE  FOR  FAST  DELIVERY 

Naturally,  you  can  pet  these  new  axial  lead  JAN  types  direct 
from  AUTOMATIC,  and  from  authorized  distributors 
throughout  the  country  —  and  at  prices  that  reflect  General 
Instrument’s  years  of  volume  production  experience. 
Together  with  the  earlier  JAN  type  stud  mount  group, 
AUTOMATIC  now  covers  the  entire  medium  power  silicon 
rectifier  field  for  the  requirements  of  every  military  appli¬ 
cation. 

More  information?  A  complete  set  of  data  sheets  is  yours  for 
the  asking.  Please  write  us  today. 


UTOMATIC 

MAMVFMCTVtUitO 


A 


UTOMATIC 


GENERAL  ft 
INSTRUMENT 
SEMICONDUCTORS 


General  Instrument  Corporation 
also  includes 
F  W  Sickles  Division. 

Radio  Receptor  Co  .  Inc  .  and 
Micamold  Electronics  Manulactunng 
Corporation  (Subsidiaries)  i. 


MASS  PRODUCERS  OP 
ELECTRONIC  (COMPONENTS 


automatic  manufacturing  division  of  general  INSTRUMENT  CORPORATION 

65  GOUVERNEUR  STREET  NEWARK  4  N  J 


At  U.  S.  Air  Force  bases  of  operation,  Kleinschmidt  page  printers 
and  reperforator  teletypewriters  receive  and  transmit  printed 
messages  at  speeds  up  to  100  words  per  minute. 


Model  150  Page  Teleprinter 
Transmits  and  receives  tele- 
printed  messages  at  pre  set 
speeds  of  60,  66.  75  or  100 
words  per  minute.  Uses  roll 
or  fanfold  paper.  "Semi -rev” 
operation,  whereby  shafts  ro¬ 
tate  only  a  half-revolution,  re¬ 
duces  maintenance,  prolongs 
life  of  unit. 


Instant  and  precise  communications  between  Air  Force 
bases  is  a  prime  requisite  in  this  era  of  supersonic  speeds. 
To  meet  this  essential  need,  Kleinschmidt  teletypewriters  and 
related  equipment,  developed  in  cooperation  with  the  U.  S. 
Army  Signal  Corps,  provide  fast  transmission  and  receipt 
of  printed  communications.  There  is  no  time-lag  for  inter¬ 
pretation,  no  chance  of  misunderstanding,  since  both  sender 
and  recipient  have  identical  printed  originals  . . .  instantly. 

Research  and  development  of  equipment  for  transmitting 
and  receiving  printed  communications  has  been  a  continu¬ 
ing  project  at  Kleinschmidt  for  almost  60  years.  This  un¬ 
paralleled  store  of  experience,  now  joined  with  that  of 
Smith-Corona  Inc,  holds  promise  of  immeasurable  new 
advances  in  electronic  communications. 


Model  120  Typing  Reperfor¬ 
ator— Tape  Transmitter 
This  versatile  unit  receives 
and  transmits  messages  in 
perforated  tape  form  and  per¬ 
mits  reproduction,  editing  and 
preparation  of  tape,  as  well  as 
manual  keyboard  transmission. 


KLEINSCHMIDT  LABORATORIES,  INC.,  DEERFIELD,  ILLINOIS 

Pioneer  in  teleprinted  communications  equipment  •  A  subsidiary  of  Smith-Corona  Inc. 
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Cratn-Orientett 


a  new  type  of  selenium  for... 

Higher  Current  Ratings 

without  overloading 


These  new  rectifiers  by  Vickers  represent  a 
major  "break-through”  in  selenium  rectifier 
development.  Using  special  equipment  and 
quality  control  processes,  Vickers  engineers 
have  developed  a  polycrystalline  selenium  layer 
with  grains  oriented,  rather  than  the  random 
pattern  found  in  conventional  selenium  layers. 

The  result:  more  norking  crystals,  greater 
uniformity  and  better  rectifying  performance 
per  square  inch  of  cell  area. 

This  improved  rectifier  provides  increase  in 
current  ratings  without  increase  in  cell  size, 
gives  more  watts  of  output  |)er  dollar  invested. 
You  save  both  on  initial  cost  and  operating 
cost  with  the  new  Vickers  Grain-Oriented 
selenium  rectifiers —  available  in  cell  ratings 
of  18  to  36  volts. 


AVit)  48-poge  Bulletin  3116-1  givex  complete  information  on  new  Vickers 
Crain -Oriented  selenium  rectifiers.  Includes  con¬ 
struction  details,  charts,  photographs,  performance 
characteristics,  dimensions, 
suggested  applications  and  ^  “■ 

other  helpful  data.  Please 
send  your  request  on  letter-  ^ICTIBS 

head.  ,  I 


VICKERS  INCORPORATED 

DIVISION  OF  SPERRY  RAND  CORPORATION 

ELECTRIC  PRODUCTS  DIVISION 
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Best  long  range  investment  for  indoor 
intenna  testing  and  free  space  chambers 


Manufactured  to  Military  Specifications 
...B,  F.  Goodrich  Microwave  Absorbents 
provide  the  most  accurate  refleaion-free 
rooms  for  the  measurement  of  microwave 
antenna  patterns.  As  a  result  of  thorou>;h 
quality  control  and  factory  testing,  B.  F. 
Goodrich  \ficrowave  Absf)rbents  consist¬ 
ently  duplicate  free  space  conditions  in¬ 
doors  better  than  any  other  product. 

In  addition  to  outstanding  electrical 
qualities,  our  absorber  is  light-weight, 
fire-retardant,  easy  to  install.  It  will  not 
deteriorate  in  performance  when  walked 
upon  and  has  excellent  water  and  weather 
resistant  properties. 

The  material  is  currently  being  pro¬ 
duced  in  a  number  of  tfiicknesses  provid¬ 
ing  broadband  operation  as  low  as  50 
megacycles.  Material  can  be  furnished 


List  of  B  F.  Goodrich  Broadband  Absorbers 


Lowest 

Designation  Frequency* 

Thiekness 

Mammum 

Reflection 

12  CM 

2500  me 

1V5-.2- 

2% 

12  CM  1% 

2500  me 

1V5-2 

1% 

12  CM  -  30db 

2500  me 

\Vi-2" 

0  1%  at  X-band 
2%  elsewhere 

6  CM 

5000  me 

1- 

2% 

30  CM 

1000  me 

3V2"-4~ 

2% 

30  CM  -  1% 

1000  me 

3V5  -d- 

1% 

60  CM 

500  me 

7-8 

2% 

60  CM  -  1% 

5C0  me 

7--8- 

1% 

100  CM 

300  me 

10  -ll" 

2% 

200  CM 

150  me 

26 

2% 

600  CM 

50  me 

69 

2% 

8  CM -glass 
fiber 

3600  me 

l"-lVi” 

2% 

4  CM  glass 
fiber 

7500  me 

2% 

Most  of  the  above  absorbers  can  be  furnished 
with  0.1%  mavitnum  reflection  at  selected  points 
in  the  frequency  band 

•All  perform  up  to  30.000  me 


having  less  than  0.1 ''f  reflection  at 
specific  frequencies.  F<)r  darkrrnrm  use,  a 
special  white  compound  can  be  applied 
to  the  surface  of  the  pads  to  increase- 
light  reflectance. 

When  you’re  investing  thousands,  start 
right  — specify  B.  F.  GiMnlrich  —  the  com¬ 
pany  with  the  loudest  experience  and 
record  iot  consistently  high  qualit>  micro- 
wave  material. 

For  new  b<H)klet  on  these  absorbers 
write  The  B.  F.  Goinlrich  (iompany,  4h6 
Derby  Place,  Shelton,  Connecticut. 


B.F.Goodrich 

microwave  absorbents 
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20  times 
as  many  relays 


space 


RELAY  OF 
EARLIER  DESIGN 
31%  cu.  In. 


CLARE  Type  F  RELAY 

SPECI FICATIONS: 


Ambitnt  TtmpRratwfR . -4S*  C  to  4-13S*  C. 

Shoch  M  for  11  mtlHtocondt. 

Vibrotlofi  .  S*7S  cp«  at  moatmum  ticiirtfoo  of 

7S-2000  cpp  At  SO  4t  pccoforptlon. 

Dloloctrlc  Strpnpth . Soo  lovo^lOOO  votto  rm«  bottarton  tormlnolp 

•Ad  framo.  and  botwaon  ad^cont  clrcoita; 
790  voNa  rma  botwoon  contacta  of  a  aol.  At 
•0,000  n..  300  volta  rma. 

Inaulation  ftaalatanco . lOOOmagohma  mlnfmwmat  1S0*C. 

Coila  . Cofla  op  to  10,000  ohma  availablo  for  a  wido 

ranpa  of  vottapoa  or  curranta. 

Nominat  Oparating  Powar .  200  milliwatta. 

Pickup  Tima . •.§  mitliaaconda  nominal. 

Dropout  Tima . 1.S  miWaaconda  nominal. 

Contact  Arrangamant . t  pdt(S  form  C). 

Contact  Paling  . 9  ampa  raalativa  at  90  vofta  d>€  or  110  volta 

#<<;  alao  for  low^laval  applicatlona. 

Corttact  Paaiatanca..  . 0.000  ohm  mailmum. 

Contaci  tlfo . 900,000  oparabona  minimum  al  t  ampa: 

100,000  oparationa  minimum  at  0  ampa. 

Encloaura . Harmatkaffy  aaalad.  flHad  witb  dry  nitrogaa 

at  1  atmoaphara  praaaura. 

Mounting . AN  popular  mounting  arrangamaitta  availabfa. 

Torminala . Printad  circuit;  aoldar;  ptug>in  (matcMfig 

•ockat  availabia).  Variationa  of  printad-circuP 
tarmirtal  langth  on  t/104fKH  grid  apacing 
availabia. 

Weight  . 17  grama. 

MiHtary  Opaciflcatlona . MIL*P*t901l;  MIL-P>9T97C.  oicopt  aa  to  con* 

tact  ovarload. 


These  twenty  Clare  Type  F  Modular  Relays, 
mounted  on  a  printed-circuit  board,  take  less 
than  a  third  of  the  space  occupied  by 
a  hermetically  sealed  relay  of  earlier  design— 

a  relay  in  wide  use  a  few  short  years  ago. 

1 

Clare  Type  F  Modular  Relays  can  be  mounted 
in  a  closely  restricted  space— wherever  the  user 
desires— on  a  board  punched  at  2/10  inch 
intervals  in  a  grid  pattern. 

This  new  hermetically  sealed  relay— no  bigger 
than  a  postage  stamp— is  fast  and  more  than 
moderately  sensitive,  yet  stalwart  enough  to 
withstand  extremes  of  temperature,  heavy  shock, 
and  severe  vibration. 


Send  lor  Bulletin  124  today.  Write:  C.P.  Clare  &  Co.,  3101  Pratt 
BI«d.,Chicago4S,  Illinois.  In  Canada :  C  .  P.  Clare  Canada  Ltd., 
2700  Jane  Street,  Toronto  15.  Cable  Address:  CLARELAY. 


FIRST  in  the  industrial  field 


different  basic  insulations 


different  insulation  constructions 


different  types  and  sizes 

dn  round,  square  and  rectangular  fabric  and  film  coaled  magnet  wires) 


Add  them  up!  EXTRA  care  in  drawing  and  annealing — EXTRA  care  in  insulalinj 
techniques!  EXTRA  rigorous  '‘in-process”  testing  of  wire  from  every  machioe 
each  day  plus  100^  final  inspection!  EXTRA  quick  identification  of  size  and  tyjte 
on  easy-to-read,  color  coded  labels . .  .and  EXTRA  attention  to  packaging  . 
(spool,  reel,  and  Magna-Pak’)  at  each  of  the  four  plants. 


MAGNET  WIRE  DIVISION,  Essex  Wire  Corp.,  Fort  Wayne  6,  Indiana 


Manufacturing  Hants:  Birmingham,  Alabama;  Anahaim,  California;  fart  Wayna,  Indiana;  HillidaU,  Michigan 


NATIONAL  NETWORK  OF  WAREHOUSES  AND  SALES  OFFICES...  CALL  YOUR  LOCAL  ESSEX  MAN" 
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Engineers:  Tear  out  for  your  notebook 


NEWmicrowave  analyzers 

10  to  44,000  me 

SAVE  ENGINEERING  MANHOURS 

A  complete  line  of  spectrum  analyzers  with  full 
frequency  coverage  —  up  to  Q  Band 


TO  TEST: 

MISSILES 

RADARS 

MICROWAVE  COMPONENTS 
TELEMETERING 

MULTI  PULSE  TRANSMISSIONS 

NEW  APPLICATIONS 


FEATURES: 

Direct  reading,  UNI-DIAL  control 
High  accuracy,  resolution  and  sensitivity 
Stable  and  accurate  frequency  marker 
Five  interchangeable  plug-in  units 


1  me. 


70  me 


COMBINATION  SYNCHROSCOPE 
SPECTRUM  ANALYZER 


Time  display  cf  complei 
video  signal 


Spectrum  of  same  pulsed 
signal  displayed  in  spectrum 
analyzer  operation. 


Pulsed  signal  as  seen  In  syn¬ 
chroscope  operation. 


MEASUREMENT  OF  PULSE  MODULATION  ANALYSIS  OF  COMPLEX 

IN  FREQUENCY  AND  TIME  SIGNALS 

This  single  instrument  (Model  TSA-S)  Synchroscope-Spectrum  Ana-  Displays  the  envelope  of  com- 
lyzer  provides  a  direct  method  of  observing  a  pulsed  signal  and  plex  pulsed  signals,  such  as 
its  frequency  spectrum.  As  a  sensitive  synchroscope  receiver,  it  used  in  radar  systems  and  some 
displays  a  wide  range  of  pulse  widths  and  repetition  rates.  As  a  telemetry  applications 
spectrum  analyzer,  it  shows  complete  frequency  spectrum.  Selector 
switch  determines  function  instantly. 


VERY  WIDE  DISPERSION 
SPECTRUM  ANALYZER 


0.1  microsecond  pulse  using 
70  me  dispersion. 


10  microsecond  pulse  using 
1  me  dispersion. 


Two  cw  signals  60  me  apart 
using  70  me  dispersion. 


NARROW  PULSE  WIDE  PULSE  ANALYSIS 

ANALYSIS 

Model  TSA  W,  by  virtue  of  its  By  changing  selector  switch  to 
wide  frequency  dispersion  (up  a  narrower  bandwidth,  spectra 
to  /O  me),  will  display  the  spec  of  wide  pulses  can  be  displayed 
trum  of  very  narrow  pulses.  accurately  on  the  TSA-W  be¬ 
cause  of  its  high  resolution  (7 
kc  narrow  bandwidth,  50  kc 
wide  bandwidth) 


SIGNAL  COMPARISON 


Two  or  more  sigjials  may  be 
compared  against  a  standard  or 
each  other  as  to  frequency 
spacing  Wide  dispersion  pro¬ 
vides  simultaneous  observation 
of  signals  separated  by  large 
frequency  differences. 


Additional  opplicotions  for  ipcctrum  analyttts  or*  available  on 
retfueU.  Write  for  free  handbook  on  tpeetrum  anolyter  technique*. 


Interchangeable  Plug  in  Tuning  Units 


i  FREE  LIFETIME  SERVICE 
I  ON  ALL  POLARAD  I 
I  INSTRUMENTS 


43-20  34  Streat,  Long  Island  City  1,  N.  Y, 
Representatives  m  principal  cities.  See  your  Yellow  Pages. 


Tuning 

Froquoncy 

Unit 

Kongo 

STU  1 

10  -  1,000  me 

STU-2 

910  -  4,560  me 

STU-3 

4,370  -  22,000  me 

STU-4 

21,000  -  33,000  me 

Engineers;  Tear  out  for  your  notebook 


MULTI-BAND  MICROWAVE  RECEIVER 

400-46,700  me 


A  sensitive  microwave  receiver  is  a  basic  tool  in  microwave  testing 
operations.  A  few  of  the  many  and  diverse  applications  of  this  versa¬ 
tile  instrument  are  illustrated  below,  using  a  Polarad  Model  R  Receiver, 
400  to  46,700  me.  Operation  is  simplified  by  UNI-DIAL  control  and 
direct  reading  frequency  dial. 


SOME  TYPICAL  APPLICATIONS: 

ANTENNA  6*n«r*t0f  ••eoftftf 

PATTERN  or  Soorco  ■  , 

MEASUREMENTS 

Cofjiiect  a  synchronized  antenna  drive  and  pattern  recorder  (Polarad 
Models  AO-1  and  PR- 1  or  equivalent)  into  microwave  system  as  shown 
in  block  diagram.  As  receiver  antenna  is  rotated,  pattern  variations 
may  be  observed  directly  in  db,  or  as  a  proportional  voltage  function 
on  the  receiver  meter,  and  are  recorded  on  the  moving  chart  of  the 
recorder.  Besides  permitting  complete  investigation  of  minor  lobes 
the  high  sensitivity  of  the  Model  R  recewer  allows  ample  separation 
of  transmission  and  receiver  antennas  to  avoid  phase  errors,  without 
high  powered  sowce.  Tuned,  narrow  band  preselector  eliminates  spu¬ 
rious  and  interfering  signals  which  might  cause  error.  Dynamic  range 
permits  establishing  nulls  as  much  as  60  db  down  from  energy  in  the 
direction  of  maximum  directivity. 


Model 


Frequency  Range 

Tuning  Unit  Model  RR-T . 

.  400— 

1,000  me 

Tuning  Unit  Model  RL-T . 

.  950- 

2,040  me 

Tuning  Unit  Model  RS-T . 

.  1,900- 

4,340  me 

Tuning  Unit  Model  RM  T . 

.  4,200- 

7,740  me 

Tuning  Unit  Model  RX-T . 

.  7,300- 

11,260  me 

Tuning  Unit  Model  RKS-7 . 

.  9,500- 

15,600  me 

Tuning  Unit  Model  RKU-T . 

. 14,700  — 

22,000  me 

Tuning  Unit  Model  RQ  T . 

. 20,300  — 

46,700  me 

RECEPTION  of 
MICROWAVE 
ENERGY 

A  multi-purpose  broadband  microwave  receiver  is  indispensable  for 
quantitative  analysis  of  microwave  signals  and  monitoring  of  all  types 
of  radio  and  radar  communications.  With  a  test  antenna  connected  to 
the  r-f  input,  power  and  frequency  comparisons  of  virtually  any  type 
of  signal  encountered  in  microwave  work  (AM,  FM.  cw  and  pulse)  may 
be  read  directly  on  the  front  panel  meter.  Trigger  output  reproduces 
pulse  width  and  repetition  rate,  at  the  same  time  eliminating  noise 


Use  a  dipole  or  horn  antenna,  connected  to  receiver  input,  to  search 
around  connectors,  screw  joints  or  any  other  suspected  source  of 
leakage.  Any  r-f  energy  present  is  indicated  on  the  front  panel  meter 
By  calibrating  the  microwave  receiver,  absolute  leakage  level  may  be 
accurately  determined.  The  Polarad  Model  R  receiver  is  ideally  suited 
to  leakage  detection  because  of  its  extremely  high  sensitivity,  its 
broad  frequency  coverage  and  its  use  of  a  preselector  below  1 1 .000  me 
to  eliminate  spurious  responses 


that  may  be  present. 


IIAKAGE  ond 
INTERFERENCE 
MEASUREMENTS  J 


i  Source 

i 

uitder  Test 

- 

MEASUREMENT 
of  RELATIVE 
POWER  of 
HARMONICS 

With  the  receiver  tuned  to  the  harmonic  in  question,  set  an  arbitrary 
gain  level  on  the  meter.  Then,  normalize  the  receiver  gain  with  the 
receiver  tuned  to  the  fundamental  and  repeat  the  measurement.  Sub¬ 
tract  the  db  power  level  of  the  harmonic  from  the  db  level  of  the 
fundamental  to  determine  the  relative  power  level  between  the  signals 
Important  receiver  requirements  for  this  measurement  are  broadband 
coverage  and  wide  dynamic  range  as  featured  in  Polarad  Model  R. 


CALIBRATION 
of  COMPONENT 
ATTENUATION 

With  the  component  under  test  piKed  between  the  signal  source  and 
the  receiver,  set  an  arbitrary  gain  level  on  the  receiver  meter.  Then 
remove  the  component  and  connect  the  source  directly  to  the  receiver. 
Increase  the  attenuation  of  the  calibrated  i-f  attenuator  on  the  front 
panel  of  the  receiver  until  the  same  reference  meter  reading  is 
reached.  Attenuation  of  the  component  under  test  is  then  equal  to 
the  amount  by  which  the  i-f  attenuator  was  increased. 

Cl 


OTHfR  APPLICATIONS 

•  M«asur»in*nl  of  bandwidth  of  microwovo  covitios 

•  Froquoncy  motor 

•  fiold  inlonsity  motor 

•  Pulso,  pulso  timo  or  pulto  position  domodulotor 

•  Sonsitivo  microwovo  powor  motor 

•  Gonorol  communications 

Complete  specifications  and  prices  on  requesl. 


POLARAD 
ELECTRONICS 
CORPORATION 

43-20  34  Stroot,  long  Island  City  I,  N.  Y. 

Representatives  in  principal  cities.  See  your  Yellow  Pages 


FREE  LIFETIME  SERVICE 
ON  ALL  POLARAD 
INSTRUMENTS 


What  do  these  latest  aircraft  and  missiles 
have  in  common? 


All  ore  e(juii)i>cfl  with  Cenisco  flight  control 
or  instrumentation  accelerometers. 

What  better  proof  of  reliability? 

Wifit  component  reliability  getting  increased  attention 
from  missile  and  aircraft  designers,  it  is  significant  to 
note  the  numlK-r  of  suix*rsonic  weapon  systems  equipped 
with  Genisco  accelerometers. 

\  c-omplete  list  reads  like  a  roll  call  of  tactical  and  stra¬ 
tegic  missiles  and  aircraft  now*  in  the  nation’s  arsenal. 
Included  are  such  weapons  as  the  Thor,  \iki-  Ajax, 

Sike  Hercules,  Homarc,  LaCrosse,  Hull  Pup,  Talos, 
Dart,  Matador,  Corporal  and  Terrior  missiles;  and  the 
F1(K)D  Super  Sabre,  FlOl  Voodrw,  F1()6.A,  and  Canada’s 
CF10.5  aircraft.  \\’hat  Ix'tter  pr(K>f  of  the  reliability  of 
Ceniset)  instruments  than  this  acceptanc'e  by  designers  of 
these  weapons? 

Combining  product  reliability  with  guaranteed  delivers' 
schedules  and  c'ompetitive  pricing  has  made  Cenisco  the 
free  world’s  largest  prorlucer  of  potentiometer-t>pe  flight 
and  fire  control  accelerometers.  .More  than  40, (KX)  have 
l>een  delivered  to  elite. 

Send  for  technical  data  sheets  on  all  Genisco  Accelerometers. 


renisco. 
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SHOWN  ACTUAL  SIZE.  The  7077  is  so  small 
(only  .44"  long  and  .48"  wide)  that  the 
tube  can  be  used  in  compact  circuitry  or 
miniaturized  equipment. 


Advanced  UIIF  .systems  had 
critical  need  for  this  tube 
in  radar,  communications, 
navigation.  General  Electric 
designed  and  built  it. 


ONLY  ITS  COUNTERPARTS  CAN  NOISE 


TEST  A  70771  Evidence  of  Type  7077’s 


low-noi.se,  high-gain  performance,  is 


CERAMIC  TUBES  MEAN  GENERAL  ELECTRIC! 

A  G-E  technician  is  weighing  the  ce¬ 
ramic  spacers  of  the  7077  triode  before 
firing,  to  check  their  density— one  of  a 
whole  series  of  special  methods  devel¬ 
oped  by  General  Electric  to  make  prac¬ 
tical  the  use...  in  tubes...  of  tough, 
heat-resistant  ceramics. 


CATHODE  ASSEMBLY  BY  MICROSCOPE!  The 

G-E  production  worker  above  is  welding 
the  nickel  cap  on  a  tantalum  cathode 
sleeve  only  1/10  inch  in  diameter.  Note 
the  white  Dacron  lint-free  dress  and 
rubber  finger  cots!  The.se  help  protect 
7077’s  from  dust  and  lint  — the  most 
common  causes  of  short-circuits. 


the  use  of  five  more  of  these  General 
Electric  triodes  in  a  specially-devel¬ 
oped  multi-stage  test  amplifier  that 
provides  90  db  total  gain.  Every  7077 
built  receives  this  noise  test! 
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7077  TRIODE  TOPS  ALL  TUBES  IN 
UHF-AMPLIFIER  ADVANTAGES! 


7077  Tube  “A"  Tube  'B” 


High  gain:  14.5  db 
Low  noise:  5.5  db 
Low  capacitance 
Low  inductance 
Low  power  input 
Light  weight 
Small  size 

Ceramic  ruggedness 


This  low-price  tube  is  in 
regular  production  now. 
Compare  the  7077  with 
other  tubes  A  and  B, 
which  you  can  obtain  for 
efficient  hi^h-^ain, 
low-noise  amplifier  service 
at  450  metracycles ! 

(See  chart  at  right) 


$$  ,  $$$$$ 


$$$$$$ 


RELATIVE 

SIZE 


No  tube  like  this  existed.  The  industry  asked  for  a 
UHF  amplifier  tube  for  new  and  critical  military  appli¬ 
cations  in  radar,  communication,  and  navigation  .sys¬ 
tems.  General  Electric  creative  design  took  it  from 
there.  Working  with  a  li.st  of  “musts”— such  as  small 
size,  light  weight,  top  performance,  and  initial  and 
operating  economy  —  General  Electric  tulie  engineers 
developed  new  materials  and  processes  that  made  pos¬ 
sible  new  design  approaches. 

Now  the  7077  is  ready —  electrically,  mechanically 
and  life-te.sted-coming  from  a  factory  in  volume  pro¬ 
duction.  It  meets  full  design  specifications  for  perform¬ 
ance.  The  7077  is  built  for  rugged  operation  up  to 
100,000  feet  altitude,  and  up  to  300  C  envelope  tem¬ 
perature.  No  forced-air  cooling  is  required. 

Phone  your  nearest  General  Electric  Receiving  Tube 
Department  office  listed  below  for  further  information 
about  this  newest,  .smallest,  be.st-performing  UHF'  tri- 
ode  . . .  including  the  low  price. 


EASTERN  REGION 
200  Main  Ave, Clifton. N.J. 
Phones: 

(Clifton)  Gftegory  3-6387 
(N  Y.C  )WI.  7  4065.6,7.8 


CENTRAL  REGION 
3800  N.  Milwaukee  Ave. 
Chicago  41,  Illinois 
Phone;  SPring  7-1600 


WESTERN  REGION 
11840  W.  Olympic  Blvd. 

Los  Angeles  64,  Cal. 
Phones;  GRanite  9-7765 
BRadshaw  2-8566 


Tigress  Is  Our  Most  Importont  T^odud 

GENERAL^  ELECTRIC 


WEIGHT  '  1.6  grams  45  grams 
2.5  watts  ’  4.2  watts 


23  grams 


13.4  watts 


1 


fKMoCi  IN  KCUCTClES 


Wide  range  of  7077  performance,  30  to  1,000  me,  is  shown 
by  the  noise  figures  above,  under  power-matched  and 
noise-matched  conditions,  using  an  argon  noise  source. 
Noise  contours  are  similar  to  those  below  with  a  diode 
noise  source.  Contours  below  plot  noise  figure  and  gain 
for  4,50  megacycles  at  various  tube  operating  points. 
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VIIHUH  SOURCt  lESISIMlCL  ID  owe 


Admiral. 


antenna  design 
links  up  youf^ 
signal  to 
infinite 
spa^ 


Special  engineering  competence 


and  exceptional  test  facilities  mark 


Admiral's  Antenna  Group 


Infinite  space  is  your  medium,  and  the  antenna  is  the  gate 


ly  through  which  your  signal  must  enter  or  exit.  Think  of 
he  antenna  as  the  all-important  terminal  stage  that  makes 
r  mars  the  effective  performance  of  your  brilliantly  con 


ceived  electronic  system.  Then  assign  responsibility  for  op 


itenna  design  to  Admiral's  Antenna  Development 
conjunction  with  ARDC,  BuAer,  the  Signal  Corps 
and  CAB,  members  of  this  group  have  designed  antennas  for 


radio  direction  finders,  radars,  microwave  relay  systems  and 


pecial  military  equipments.  Three  separate  test 


facilities  are  available  to  the  group  for  plotting  precise  radia¬ 
tion  patterns. 

Admiral's  Antenna  Development  Section  is  one  of  eight  en¬ 
gineering  groups  organized  for  "task  force"  attack  on  research 
and  development  problems  in  the  fields  of  military  elec¬ 
tronics  and  nuclear  radiation.  Send  for  detailed  information. 


'o  4d 
•  **«O00c 
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PONTON a 
^bADib 


ORPORATION 

- Bdonlon,  New  Jersey 


MSTANT. 


W  r*/  ▼  W  PRODUCTION  TESTING 
of  Coils,  Capacitors,  and  Resistors  I 


^  SAVES  VALUABLE  INSPECTION  TIME 

Gives  you  instantaneous  readout 

^  EXTREMELY  SIMPLE  TO  USE 

ISo  operator  training  required 

^  NO  TUNING  OR  ADJUSTMENT  NECESSARY 

Gives  simultaneous  indication  of  both  Q  and  L-C 

^  ELIMINATES  OPERATOR  MEASUREMENT  ERROR 

Single  readout  on  large  CRT  screen 

If'rite  for  complete  information 
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SPECIFICATIONS 


OSCILLATOR  fREOUENCY  RANGE;  200  Kc.  le  70  Me. 
in  1 1  rang*!,  using  6  plug>in  induLlors. 

INDICATING  SYSTEM:  Larg*  S"  colhed*  ray  tub*, 
calibral*d  in  %  O  on  lb*  v*rfical  a*is  and  % 
1>C  on  ih*  horiionlal  axis. 

TOURANCE  LIMITS;  ±25%  Q.  calibroNd  in  incr*- 
m*nlf  of  5%;  ±5%  and  ±20%  L>C,  caiibratod 
in  incrom*nts  of  ±  I  %  and  ±  S  %  r*tpo<tivoly. 

O  RANGE:  50  lo  500 

INDUCTANCE  RANGE:  1  Microhenry  fo  10  Milli- 
honrioi. 

CAPACITANCE  RANGE:  2  MMF.  lo  1000  MMF. 

RESISTANCE  RANGE;  1000  fo  500,000  Ohms. 

POWER  SUPPLY:  105-125  Volts,  50-00  Cyclot. 

PRICE:  $750.00  F.O.R.  toonlon,  N.  J. 


FREQUENCY  RESPONSE  TO  ’2  CPS 

Ettcntially  flat  from  0  lo  100  cpt  al  10-divi»ien  amplitud*  p«ak< 
to-ppak,  3  db  down  at  120  cycit*.  Built-in  pr«-tmphatit  circuit 
in  Powpr  Amplifitr. 


6-  OR  8-CHANNEL 
OSCILLOGRAPHIC 
RECORDING  SYSTEM 


6-  OR  8-CHANNEL  SYSTEM 
IN  ONE  CABINET 

Each  modult  of  four  Preampliflprt  takpt  only  10'^*  of  ponpl 
tpaca,  complata  Recordtr-Powar  Ampliflar  packop*  only  17'^*. 
All  control*  or*  on  front  ponol.  Total  ponol  ipoco,  including 
ventilating  fan  and  matter  power  panel,  49*.  Entire  tyttem 
normally  inttolled  in  one  cabinet  23*  x  22*  x  73%*,  to  place 
recorder  and  control*  at  convenient  height. 


HEAVY  CURRENT  FEEDBACK, 
■TRANSISTORIZED  pnwFR  AMPLFIER^ 

long  term  drift  let*  than  0.2  div.  over  20''C.  change*,  thort  term 
let*  than  0.1  div.  for  24  volt  line  voltage  change*.  Retponte  time 
4  m*.  In-pha*e  rejection  rotio  100:1.  Gain  ttability  better  than 
1%  with  20°C.  and  20  volt  change*. 


LINEARITY:  0.2  DIVISION  OVER 
ENTIRE  50  DIV.  CHART  WIDTH 


Thus  is  the  new  Sanborn  "3.50”  —  today’s  most 
comprehensive  answer  to  combined  improved 
performance,  versatility  and  reliability  in  an 
oscillographic  recording  system  of  compact  size. 
First  compare  all  the  "3.50”  design  and  perform¬ 
ance  improvements  .  .  .  then  consider  the  many 
ways  they  can  help  you  do  more  kinds  of  measure¬ 
ment  and  recording,  with  more  accuracy,  speed, 
convenience  and  reliability. 


principal  citie*.  Coll  tht  Rne  near  you  for  cempleig 
"350"  fact*. 


e  < 


■a 


gives  you  all  th 


features 


INTERCHANGEABLE  PREAMPLIFIERS 
WITH  INDIVIDUAL  POWER  SUPPLIES 

CempacI,  plup-in  units  with  4’^*  x  lO'/i*  pancli.  Praspnt  typtt 
includ*  Curriar,  Sarvo  Monitor  (damodulotor),  OC  Coupling,  Trua 
Diflarontiol  DC.  Con  ba  utad  laporotaly  for  driving  optical  otcillo* 
graphs,  'scopas,  tapa  racordars,  ate. 

LIMITER  CIRCUIT  AHEAD  OF 
POWER  AMPLIFIERS 
ASSURES  DAMPING  AT  ALL  TIMES 

limiting  at  input  pravants  ampliflar  saturation  or  cut  off;  so  that 
galvanomator  damping  is  navar  lost. 

RUGGED,  RELIABLE,  LOW  VOLTAGE, 

LOW  IMPEDANCE  GALVANOMETERS 

Fawar  turns  of  haaviar  wira  and  complataly  anclosad  coil  incroasa 
raliability.  High  torgua  (350,000  dyna.cm.).  Hystarasis  laval  lass 
than  0.1  division.  Dasignad  for  oasy  raplocamant  in  flald. 

RECORDER. POWER  AMPLIFIER  PACKAGE 
IN  ONLY  17 ’A"'  OF  PANEL  SI^ACE 

Intagrol,  tuba-fraa  pockoga  includas  aight  powar  ompliflars  and 
powar  supply,  which  usa  powar  transistors  and  solid  stota  ractiflars. 
Oparotas  on  IIS  volts,  60  cyclos.  Simpla  popar  loading  from  front. 
Individual  stylus  haat  controls,  chart  spead  pushbuttons,  motor 
switch,  timar-markar  switch,  fusas,  popar  footaga  indicator  all  on 
front  panal.  Connactors  for  input  signals,  output  monitoring  (^1  volt 
with  raspact  to  ground  from  2.5  ohm  sourca)  and  complata  ramota 
control  provided  at  raar. 

VELOCITY  FEEDBACK  DAMPING 

Trua  damping  by  velocity  signal  from  separata  winding  over 
galvanometer  driving  coil.  Damping  control  occessiblo  from  front 
of  Recorder  for  easy  odjustment. 


(All  DATA  SUBJECT  TO  CHANCE  WITHOUT  NOTICE) 


GALVANOMETER 
NATURAL  FREQUENCY  55  CPS 

Higher  natural  frequency  provides  higher  ovar>all  system  frequency 


INKLESS  RECORDINGS  IN  TRUE 
RECTANGULAR  COORDINATES 

Heated  stylus  creates  sharp,  smudge-proof  trace  on  plastic  coated 
Parmapoper.  Chart  channel  width  I'As'  (approx.  4  cm),  ruled  In 
50  div.  of  V^'  each. 


RECORDER-AMPLIFIER  UNIT  HAS 
0.1  VOLT/CHART  DIV.  SENSITIVITY 

Con  ba  used  alone,  whan  preamplification  is  not  needed.  (Three 
complete  8-channel  Recordar-amplifiar-power  supply  units  can  bO 
mounted  in  one  cabinet.) 

ELECTRICAL  PUSHBUTTON  CHART 
SPEED  CONTROL,  WITH 
PROVISION  FOR  REMOTE  CONTROL  '  ; 

Any  of  nine  speeds  (0.25,  0.5,  1.0,  2.5,  5,  10,  25,  50,  100  mm/sac.) 
instantly  selectable  by  pushbutton.  Plastic  strip  for  channel  idanti- 
fleation  markings. 

‘I'i 

QUALITY  COMPONENTS  USED 

THROUGHOUT  'S 

JAN  camponants  used  wherever  practicable;  for  example,  note  in  -•  M 
the  photoi  hermetically  sealed  Mll-T-27  powar  tronsformers, 
MIL-approvad  electrolytic  condensers  in  all  power  supplies,  ruggad-.-.'V^ 
izad  pr'<mium-lypa  tubas  in  Preamp  power  supplies,  etc. 


I 


Any  “350"  Prtomplifttr  iniietU 
•otfly  «A  any  chonn^i.  Elt<triCol 
connactioni  mad*  by  mating 
conntcto'i  on  frtamp  and 
Powtr  Svpply. 


Eight  *  chonntl  **350*' 
from  r*ar,  showing 
(upp*r  half)  oight  indi* 
vtduol  Preamp  Power 
Supplies  on  four. unit 
module  fromes,  and 
b*low  them.  Power 
Amplifiers  ond  Power 
Supply  on  reor  of 
Recorder  Assembly. 


Any  of  nine  chort 
speeds  can  be  in* 
itantly  selected  by 
pushbutton.  Remote 
control  of  oil  func* 
tions  provided  by 
connectors  ot  reor. 


Recorder  bock  plot*  holds  eight 
plug*in  Power  Amplifier  modules 
(one  shown  unplugged  in  photo), 
four  on  either  side  of  Power  Supply 
section.  Entire  back  plate  remov* 
oble  for  servicing. 


Multi-tracK 


magnetic  recording 


Laboratory-designed,  precision-built  by  Davies 


Track  Data 

Crosstalk 

(db) 

Number  of  Tracks  for 

Various  Tape  Widths 

Scries 

Width 

(Mils) 

Spacing 

CtoC 

(Mils) 

□ 

□ 

□ 

B 

m 

m 

m 

B 

iO 

50 

140 

-60* 

D 

B 

B 

B 

B 

B 

D 

□ 

MSM 

40 

125 

-60* 

□ 

B 

B 

B 

B 

B 

□ 

Q 

40 

100 

-55* 

B 

E 

B 

Q 

Q 

B 

m 

B 

1200 

32 

85 

-50* 

D 

B 

B 

□ 

Q 

B 

□ 

□ 

1300 

26 

78 

-40** 

D 

B 

ID 

B 

Q 

B 

B 

B 

40 

72 

-40** 

B 

E 

ID 

B 

□ 

B 

D 

B 

32 

70 

-40** 

B 

B 

ID 

Q 

B 

B 

D 

B 

1  1600 

32 

62 

-35** 

B 

B 

ID 

B 

B 

B 

m 

B 

lESI 

20 

50 

-35** 

IB 

m 

IQ 

B 

B 

IB 

ED 

B 

*Fof  Direct  Rccordinf ,  lOOOeps 
**For  DifiUt  Pulse  Recordini 


MODEL  1206  DP 


Davies  multi-track  recording  and  reproducing  heads  for  magnetic 
tape  data  recording  are  offered  in  a  wide  selection  of  designs  for 
every  practical  tape  service. 

Davies  single-stack  heads  are  precisely  aligned  for  those  applications 
requiring  coincidence  of  time  and  phase  among  tracks.  Gap  align¬ 
ment  is  held  to  within  ±  0.1  mil  ()er  inch  of  tai)e  width. 

For  services  requiring  a  large  number  of  tracks,  but  where  time  and 
phase  displacement  can  be  tolerated,  Davies  700, 800  and  1000  Series 
Heads  can  be  interleaved  to  provide  14,  16,  or  20  tracks  on  1'  ta|)e. 

All-metal  tape  contact  area  on  Models  with  the  "P”  designation 
(1206  DP  above)  essentially  eliminate  oxide  build-up  at  high  tape 
speeds. 

In  ail  types,  plastic  encapsulation  protects  and  preserves  the 
characteristics,  even  under  adverse  environmental  conditions  such 
as  shock,  vibration  and  extremes  of  temperature  and  humidity. 

Additional  technical  and  application  information  may  be  obtained  by 
writing  Minneapolis-Honeywell,  10721  Hanna  Street,  Beltsville,  Md. 


Honeywell 


DAVI  E  S 


LABORATORIES 


DIVISION 
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from  MOTOROLA 


hr  General  Purpose  Audio  applications 
including  amplifier  and  switching  service 


TECHNICAL  DATA 


Motorola  General  Purpose  Audio  Transistors 
Germanium  PNP  Alloy  Junction 


JETEC 

NUMBER 

hr 

min. 

’  typ. 

Vr. 

VcK 

Pc 

2N4S4 

14 

26 

45 

40 

150  mw 

2N48S 

27 

45 

45 

.30 

150  mw 

2N4M 

56 

90 

35 

20 

150  mw 

2N4I7 

112 

ISO 

35 

15 

150  mw 

Junaion  Temperature  —  65  to  85*C 


WELDED  TD-9  PACKAGE 

meets  or  exceeds  mechanical  and  environmenta' 
repuirements  of  MIL-T-19500A. 

LOWER  DISTORTION 

with  maximum  signal  output. 

WIDE  VOLTAGE  RANGE 

OUTSTANDING  CIRCUIT  STADILIH 

LOW  IN  COST 

thanks  to  Motorola’s  “multiple-assembly” 
mass  production  technique. 


FOR  COMPLETE  TECHNICAL  INFORMATION 
concerning  these  and  other  Motorola  Semicon¬ 
ductors  write,  wire  or  phone  Motorola,  Inc., 
5005  East  McDowell  Road,  Phoenix,  Arizona. 
BRidge  5-4411.  Teletype  PX  80. 


Im 

"OEPENOASIE  OUAKTY-IN  QUANTITY" 

MOTOROLA 
•  SEMICONDUCTORS 

MOTOROLA,  INC. 
SODS  f .  McDOWILL 
RHOINIX,  ARIZONA 

F 

REGIONAL  OFfICES: 


RIDOfFlllD.  N.J.  CNICAOO  44,  IlllFIOIS  HOllVWOOO  OR,  CAIIPOINIA 

MO  If 9»w  laulavfd  4400  WmI  Flournoy  Stroot  45SS  Suntot  loulovfd 

WNHnoy  S-7300  EStf  brook  V-3300  HOIlywood  S-32S0 


DISTRIBUTORS : 


NEW  YORK 

Rodio 

Miloray  Eloctronict,  Inc. 


CHICAGO 
Alliod  Radio,  Inc. 
Nawark  Elactric  Co. 


BOSTON 

Cramf  Eloctronict,  Inc. 


lOS  ANGEIES 

Kif  ulff  Eloctronict,  Inc. 
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* 

SOLVES 

I 


SCATE 


2  BASIC  PROBLEMS 

in  testing 

electronic  systems 


Many  complex  electronic  systems-missile  guid¬ 
ance  is  a  good  example-may  require  testing  that 
takes  days  by  conventional  methods.  Yet  the  end 
function  of  such  a  system  may  last  only  a  few  min- 
utes-even  seconds. 

Other  systems,  though  less  complex,  must  be 
tested  in  such  large  numbers  that  adequate  per¬ 
sonnel  are  frequently  unavailable  to  perform  tests 
by  conventional  means. 

The  SCATE  system  of  automatic  test  equipment 
can  solve  both  problems.  It  provides  self-checking 
automatic  testing  which  is  fast,  flexible  and  fool- 

proof.  - - - 

The  system  evaluates  all 
important  parameters  of  I 

equipment  under  test,  in-  I 

eluding:  I 

1.  RF  sensitivity,  center  f re-  I 

quency,  band  width,  power 

output,  noise  figure. 

2.  Audio  frequency  gain,  band 
width,  power  output. 

3.  Video  pulse  circuitry,  in¬ 
cluding  pulse  decoding, 
logic,  digital  comparison, 
pulse  delays. 

4.  Voltage  levels,  DC  and  AC. 

5.  Servo  response. 

6.  Mechanical  response.  - ' 

Stromberg-Carlson  has  standing  designs  for  all 

the  standard  components  which  go  into  a  SCATE 
system,  and  is  fully  experienced  in  designing  cus¬ 
tom  components  which  may  be  required  in  any  test 
system. 

Complete  details  on  the  SCATE  system  and  other 
Stromberg-Carlson  automatic  test  equipment  are 
available  on  request. 

b*  t*st«d  automatically  bytha  SCATE  ayatam. 

“There  is  nothing  finer  than  a  Stromberg-Carlson" 

STROMBERG-CARLSON 


‘■T’-  1464  N.  Goo<Jm*n  Street  •  Rochester  3.  N.  V.  " 

electronic  end  communicet  on  products  tor  home,  industry  end  defense 


New 

Electro  Instruments 
A-12  DC  amplifier 
totally  transistorized 
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Brush 


Recording  with  the  new  Brush  Mark 
II  is  remarkably  simple. 

Operation  is  foolproof,  with  push¬ 
button  chart  speed  selection  . .  .  fast 
paper  loading  .  .  .  self-cleaning,  self¬ 
priming  pens... built-in,  permanently 
calibrated  amplifiers. 

Recordings  are  accurate  .  .  .  easy 
to  interpret  .  .  .  easy  to  reproduce. 
Mark  II  operates  over  a  wide  ampli¬ 
tude  and  frequency  range  (d.c.  to  100 
cps),  provides  high  stability,  extreme 
sensitivity  with  an  input  range  of  10 
millivolts  to  400  volts. 

See  how  Mark  II  can  speed  yoiur 
work,  help  you  obtain  data  —  the 
Brush  way. 


Cempl*t«  recorder  with 
built-in,  permanently 
calibrated  amplifiers. 
Ten  millivolt  input 
signal  gives  a  deflec¬ 
tion  of  one  chart  line. 


TrouUe-lrae  writing  tyilem 
features  self-cleaning, 
self-priming,  rugged  pens 
and  extra-large  ink  reser¬ 
voir. 


Convenient  operation: 
fast  paper  loading 
without  threading, 
pushbutton  controls 
for  4  convenient  chart 


krush 


3405  PERKINS  AVENUE 


CLEVELAND  t4.  OHIO 
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CLOSES  SWITCH  WITH 


ONE  PUSH 


NEW  PUSH-PUSH 
SWITCH  CONTROLS 


NEXT  PUSH 


OPENS  SWITCH 


.  •  .  take  the  waiting 


out  of  warm-up  time! 


TURN 


SHAFT  FOR  VARIABLE  RESISTANCE  CONTROL 


NEW  DATA  SHEET 

Containing  comploto  ipo<ill(ationi  and 
dimtntiont  »tnl  on  roquotl. 


•  Tg  Here’s  real  operating  convenience  and 

fnc!  ^  appeal  for  TV  and  radio  re- 

ceivers,  phonographs  and  instruments! 

Three  new  Stackpole  controls  combine 
pushbutton  switching  with  rotary  con- 
trol  of  volume,  tone,  contrast  or  similar 
,1^  ’  functions.  “Waiting  for  the  warm-up” 

l^efore  making  final  adjustments  is  a 
thing  of  the  past.  Just  one  push  and  the 
circuit  is  “on”  and  adjusted  to  the  last 
"  ^  selected  setting  of  the  variable  resistor. 

NEW  STACKPOLE  TYPE  “E”  SWITCH  used  on  these  con¬ 
trols  has  a  positive,  SP-ST  snap-action.  It  carries  a  UL  rating 
of  3  amps,  at  125  volts  ac-dc  or  1  amp.  at  240  volts  ac-dc. 

BASIC  SWITCH/CONTROL  COMBINATIONS  using  the 
popular  Stackpole  L-type  control  are  available  as  follows. 
Printed  wiring  and  wire-wrap  terminals  obtainable  on  each: 

Type  LE:  single-section,  single-shaft.  Push  shaft  for  switch,  turn  some 
shaft  for  control. 

Type  L3E:  single-section,  dual-shaft.  Push  inner  shaft  for  switch,  turn 
outer  shaft  for  control. 

Type  LXE:  dual-section,  dual-shaft.  Push  inner  shaft  for  switch,  turn 
inner  shaft  for  rear  control,  turn  outer  shaft  for  front  control. 


Iron  cores 


COMPOSITION 


k  Electronic  Components  Division 

}  STACKPOLE  CARBON  COMPANY,  St.  Marys,  Pa. 

Coldite  704-*  fi«ed  composition  resistors  Snap  and  Slide  Switches  Ceramaq*  ferromagnetic  cores 

Ceremaqnet*  ceramic  magnets  Fixed  composition  capacitors  Brushes  for  all  rotating  electrical  equipment 

Electrical  contacts  Hundreds  of  related  carbon,  graphite  and  metal  powder  products. 
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FOR  THE  FIRST  TIME ...  ALL  IN  ONE  WIRE  I 


WINDABIUTY 
SOLDEF«ABILITY 
VARNISHABILITY 
RELIABILITY. . . 


•  BETTER  WINDABILITY— "lays  in”  easier. 

•  LOW  TEMPERATURE  SOLDERABILITY— 

no  damage  to  copper  conductor. 

«  IMPROVED  VARNISHABILITY— safer  in 
hot  varnish  solvents. 

•  FIELD-TESTED  RELIABILITY— uniquely  balanced 
properties  provide  better  thermal  life. 


Phelpt  Dodg«  magnet  wire 
»  ovailable  in  modern 
non-retymable  spools,  reels 
and  "Pakeze”  containers 


Nyleze*  is  another  example  of  the  advanced  magnet  wires 
developed  by  Phelps  Dodge  through  its  Applied  Research. 
It  is  a  new  combination  of  materials  with  highly  desirable 
properties  for  use  in  such  applications  as  series  armatures 
and  fields,  stators,  potted  coils,  random  wound  coils,  toroids 
and  other  difficult  winding  designs.  These  properties  suggest 
possibilities  for  cost  economies  and  improved  designs  that 
result  in  better  operating  performance  of  your  equipment. 

•Nyleze  is  red  in  color 
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Any  time  magnet  wire  is  your  problem,  consult  Phelps  Dodge  for  the  quickest,  easiest  answer! 
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. . .  another 

MaTlorY 

terv  i  c  e -en  g  i  neered 
product 


The  red  top  tells  you 

it’s  a  new  FP  capacitor ....  this  X-ray  shows  you  the 

new,  rugged  construction. 

Mallory  FP  Capacitors  have  been  accepted  stand¬ 
ards  for  many  years  .  .  .  proven  in  performance  by 
every  single  application. 

Now — a  brand  new  'plus’  feature  makes  these  capac¬ 
itors  better,  more  dependable  than  ever  before.  The 
secret  is  in  the  internal  mounting  of  the  capacitor 
within  the  can— by  means  of  a  novel  spring  clip*  that 
holds  the  unit  snugly  in  place. 


the  inside  story  of  an 


•  The  unit  it  lighter  in  weight — therefore  lets  susceptible  to 
vibration  and  shock. 


Outstanding 

Capacitor 

Look  for  the  Red  Top 

Serving  Industry  with  These  Products: 

Electromechanical  —  Resistors  •  Switches  •  Tuning  Devices  •  Vibrators 
Electrochemical  —  Capacitors  •  Mercury  ond  Zinc-Carbon  Batteries 
Metallurgical  —  Contacts  •  Special  Metals  •  Welding  Materials 

Parti  diitributon  in  all  maior  cities  slock  Mallory 
standard  components  for  your  convenience. 


•  Lighter  weight  nsokes  FP  capacitors  even  better  for  printed 
circuit  applications. 

•  Improved  end  seal  prevents  leakage  and  premature  gas 
blowout . . .  means  longer  service  life. 

Specify  improved  Mallory  FP  Capacitors  for  every 
circuit  design— look  for  the  red  plastic  end  seal.  Com¬ 
plete  sjiecifications  and  application  data  available  on 
request — write  Mallory. 

*Pot«At  Applied  For 


P.  R.  MALLORY  «  CO.  Inc.,  INDIANAPOLIS  6,  INDIANA 
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electronics 

engineering  edition 

JUNE  6,  1958 


Compatible  Stereo  Disk 
Uses  F-M  Multiplexing 

A  25-kc  carrier,  freqiiency-morlulated  by  the  differential  output  signal  from 
two  stereophonically  placed  microphones,  is  sujierimposed  on  a  monaural 
signal  derived  from  the  sum  of  the  outputs.  The  composite  signal  is  recorded 
conventionally  on  a  rlisk  with  a  lateral  cutter.  For  stereophonic  playback,  an 
auxiliary  preamplifier  limits  and  detects  the  difference  signal  and  combines  it 
with  the  sum  to  recover  the  original  two  channels 

By  JERKY  R.  MINTER.  Component*  Corporation,  Denville.  N.  J..  and 

joii>  II.  McConnell.  KlM'tro-Sonlc  L.aboratorie»  Inc.,  L.<>ns  Island  City.  N.  T. 


Modern  high-fidelity  record¬ 
ings  are  the  product  of  many 
man-hours  of  research,  tempered 
by  years  of  practical  experience.  It 
seems  logical  to  the  authors  to  util¬ 


ize  the  vast  experience  accumu¬ 
lated  with  lateral  disk  recordings 
in  coping  with  the  problems  pre¬ 
sented  by  stereo  disk  recording, 
and  avoid  recourse  to  any  stereo 


system  requiring  the  development 
of  complex  cutting  heads  and  play¬ 
back  pickups. 

A  basic  objective  is  to  make  a 
stereo  disk  capable  of  being  played 
monaurally  on  any  monaural 
phonograph  in  good  working  order 
without  sacrifice  in  performance 
or  damage  to  the  disk.  The  intro¬ 
duction  of  such  a  record  would  pre¬ 
sent  no  inconvenience  to  those  not 
having  stereo  equipment,  while 
permitting  subsequent  inexpensive 
conversion  to  a  stereo  system. 

The  system  described  here  util¬ 
izes  f-m  carrier  multiplex  above 
the  audible  spectrum  to  record  the 
difference  information  which  re¬ 
sults  when  two  stereophonic  chan¬ 
nels  are  subtracted  vectorially. 
The  vector  addition  of  the  two 
channels  is  recorded  normally  and 
simultaneously  using  the  standard 
RIAA  curve.  The  resulting  groove 
resembles  a  normal  lateral  record¬ 
ing  except  that  there  is  a  super- 


Author  ch*ck*  •xparlmantal  Mtup  oi  d*T*lopin*nt  model  of  itereo  preompllier  ond  hiqh- 
quallty  monaural  pickup  arranged  lor  elereo  dlek  playback.  Power  amplHers  are  not  shown 
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There  are  no  special  problems  as¬ 
sociated  with  this  operation. 

Playback  Preamp 

Figure  IB  is  a  block  diagram  of 
the  playback  preamplifier.  A  high- 
quality  lateral  pickup  is  connected 
through  a  low’-pass  R-C  filter  to  a 
normal  dual-triode  preamplifier 
equalized  for  the  RIAA  curve.  In 
addition,  the  output  of  the  pickup 
is  fed  through  a  high-pass  filter 
to  the  carrier  amplifier  which  am¬ 
plifies  the  band  between  20  and  30 
kc.  The  amplified  carrier  and  side¬ 
bands  are  pas.sed  through  a  limiter, 
discriminator  and  filter  to  recover 
the  difference  modulation  A  —  B 
imposed  25-kc  carrier  of  moderate  move  either  side  of  center,  thus  from  the  carrier.  This  difference 
level  (4  cm /sec  velocity).  yielding  information  as  to  position  signal  is  then  combined  with  the 

Since  this  carrier  frequency  is  of  the  source.  A -i-B  signal  in  a  mixer  to  yield  the 

far  above  the  limit  of  human  hear-  The  A—B  signal  is  fed  into  an  original  A  signal  channel  in  the 

ing,  it  is  not  audible  when  the  f-m  modulator  to  shift  the  25-kc  output,  since  the  —B  cancels  the 
record  is  played  on  a  standard  carrier  between  the  limits  of  20  -t-B.  The  difference  signal  and  the 

monaural  system.  A  special  auxil-  and  30  kc.  The  carrier  and  side-  inverted  A-(-B  signal  are  then 

iary  preamplifier  may  be  arranged  bands  are  then  combined  with  sum  added  to  produce  the  B  signal  chan- 

to  amplify  the  carrier  and  its  as-  signal  A  +  B  in  a  mixer  and  fed  nel.  Both  channels  are  then  fed  to 

sociated  sidebands  sufficiently  for  into  the  recording  amplifier.  The  power  amplifiers  and  speakers, 
limiting  and  detection  of  the  audio  recording  amplifier  and  a.ssociated  If  only  a  normal  monaural  pre¬ 
vector  difference  signal.  After  de-  lateral  cutter  are  equalized  for  the  amplifier  and  single  channel  are 
tection,  the  difference  signal  mu.st  RIAA  curve  up  to  18  kc  and  flat  available,  the  output  of  the  pickup 

be  combined  with  the  vector  sum  or  from  20  to  30  kc,  on  a  velocity  can  be  amplified  in  ordinary 

monaural  signal  to  reproduce  the  basis.  fashion.  The  high-frequency 

original  stereophonic  channels.  After  the  master  recording  has  RIAA  roll-off  characteristic  will 

been  cut,  it  is  processed  in  normal  remove  most  of  the  f-m  carrier  and 
Recording  System  fashion  and  vinyl  pressings  are  its  sidebands,  which  are  above  the 

Reference  to  Fig.  lA  indicates  conventional  manner,  audible  range  of  the  ear  anyhow, 

two  microphones,  A  and  B,  which 
are  placed  for  stereophonic  record¬ 
ing.  The  outputs  of  the  two  micro¬ 
phones  are  added  in  phase  by  the 
lower  mixer  to  produce  a  signal  of 
greater  amplitude  than  either  sig¬ 
nal  alone.  In  general,  the  added 
signal  or  vector  sum  is  the  equiva¬ 
lent  of  a  monaural  signal  which 
would  result  if  the  microphone 
w’ere  located  midway  between  the 
microphones  A  and  B. 

The  output  from  channel  B  is 
inverted  in  phase  by  passing  it 
through  a  single  .stage  of  vacuum- 
tube  amplification;  the  inverted  or 
—  B  signal  is  then  added  to  channel 
A  to  yield  the  vector  difference  sig¬ 
nal,  A—B.  This  signal  contains  the 
stereophonic  information  and  it 
will  be  zero  (neglecting  room 
acoustics)  if  the  source  is  concen¬ 
trated  equidistantly  in  front  of  the 
two  microphones.  The  vector  dif-  J — Block  diagram  of  (A)  the  recording  lyttem,  and  (B)  the  playback  system.  A 

ference  will  increase  as  sources  monaural  system  could  be  conrerted  to  stereo  by  oddition  of  (B)  and  a  power  ompliiier 


I  ABOUT  STEREO  DISK  RECORDING 

s  With  the  rapidly  increosing  popularity  of  ttereo  topes,  the  record  industry  has  been 
I  stimulated  to  great  activity  in  the  field  of  stereo  disk  recording.  Some  industry  quarters  are 

(seeking  a  compatible  system  whereby  stereophonic  reproduction  may  be  added  to  a  monoural 
system  simply  and  inexpensively.  Disk  recordings  con  be  economically  produced  in  quantity  and 
are  easily  handled  by  the  nontechnical  music  lover. 

One  early  area  of  stereo-disk  development  was  the  verticol/lateral  technique,  which  achieves 
stereophonic  effects  by  having  one  channel  recorded  laterally,  and  the  other  vertically  in  a 
single  groove.  The  quality  of  most  of  these  early  stereo  disks  wos  poor.  The  system  suffered  from 
mechanical  difficulties  caused  by  the  increased  mass  of  the  cutters  and  playback  heads,  and 
I  cross-coupling  between  the  channels.  Similar  problems  beset  the  early  43/43  system,  in  which  two 
?  channels  were  cut  at  a  43-degree  angle  to  the  vertical  on  the  wolls  of  a  single  groove.  Attempts 
i  to  play  back  these  disks  monaurally  resulted  in  severe  distortion. 

I  However,  recent  improvement  in  the  techniques  of  43/43  and  vertical/laterol  recording  hove 
I  overcome  many  of  the  technical  difficulties  presented  by  stereophonic  reproduction  as  well  os  com- 
:  patibility  with  monaural  playback. 
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FIG.  2 — Scharoalic  diaqrara  o(  auxiliary  playback  praamplUUr.  LimitlBq  oi  lha  i-oi  carriar  la  pariormad  by  a  Schmitt  triqgar  circuit 
comprisad  oi  Via  ond  Vn.  Tha  datactad  atarao  iniormation  la  tharaiora  in  tha  iorm  oi  pulaa-aomplad  audio  at  tba  output  oi  Via 


No  detectable  noise  or  distortion 
results  from  the  pre.sence  of  the 
carrier  on  the  disk.  The  first-order 
intermodulation  products  are  low 
and  above  the  audible  ranf^e  of 
hearing  with  mo.st  types  of  music. 
It  has  not  been  neces.sary  to  lower 
the  1-p  recordinpr  levels  appreciably 
below  that  considered  fft>od  practice 
(8  cm/sec).  Overmodulation  of  the 
groove  will  cause  tracking  prob¬ 
lems  and  gives  ri.se  to  tracing  dis¬ 
tortion.  If  severe  tracing  distor¬ 
tion  does  appear,  and  the  stylus 
loses  momentary  contact  with  the 
groove,  a  carrier  dropout  will  oc¬ 
cur.  This  can  be  reduced  to  a  mini¬ 
mum  by  proper  adjustment  of  the 
vertical  stylus  force.  A  force  of  3 
to  4  grams  with  a  1-mil  tip  radius 
seems  satisfactory  for  the  several 
pickups  used  to  date.  Some  so¬ 
phisticated  circuitry  will  undoubt¬ 
edly  permit  more  tolerance  in 
carrier  dropout.  This  problem 
bears  a  resemblance  to  horizontal 
tv  synchronizing  problems  at  the 


time  when  phase-controlled  oscil¬ 
lators  were  introduced. 

Circuit  Diagram 

The  .schematic  diagram  of  the 
playback  system  is  shown  in  Fig. 
2.  The  input  from  the  pickup  feeds 
through  a  low-pa.ss  filter  which 
serves  as  the  RIAA  roll-off  to  V* 
which  is  a  conventional  preamp. 
The  output  of  V.  is  the  A  +  B  sig¬ 
nal  and  it  is  fed  directly  to  chan¬ 
nel  1  and,  after  pha.se  inversion  in 
amplifier  1%,  to  channel  2. 

Another  amplifier  channel  is  pro¬ 
vided  for  the  f-m  carrier  through 
a  transistor  preamp  Q,  and  a  high- 
pass  filter  to  V,4  which  has  a 
double-tuned  plate  circuit  to  re¬ 
move  extraneous  signals  from  the 
f-m  carrier  and  its  sidebands.  This 
stage  has  a  uniform  re.spon.se  from 
20  to  30  kc.  Stages  V,,  and  pro¬ 
vide  further  amplification  of  the 
f-m  carrier  and  stages.  V',,  and 
form  a  Schmitt  trigger  which  is 
used  as  a  limiter.  The  limiter  output 


is  differentiated  and  fed  to  counter¬ 
type  detector  V,„  which  is  a  high 
fif.  triode  with  fixed  bias  bled  from 
the  B-i-  bus.  The  plate  current 
pulses  of  the  counter  stage  contain 
the  difference  information  sampled 
at  the  carrier  rate.  It  is  necessary 
to  filter  out  the  carrier  ripples  to 
reduce  background  noise  in  the  dif¬ 
ference  channel.  Initially,  L-C  filt¬ 
ers  were  used.  However,  saturation 
of  the  iron-cored  inductors  and  the 
high  cost  of  these  elements  caused 
a  shift  to  a  simple  R-C  filter  which 
has  proved  effective.  This  filter 
gives  some  roll-off  which  can  be 
equalized  by  preemphasis  in  the 
difference  modulator  circuit. 

The  difference  signal,  A  —  B  is 
amplified  by  and  combined  with 
the  monaural  channel  through  ap¬ 
propriate  resistive  networks  to 
form  the  two  stereo  channels. 
The  carrier  level  control  is  actually 
a  spread  control,  in  that  it  tends  to 
spread  the  apparent  speaker  dis¬ 
tance  when  level  is  increased. 
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FIG.  1 — Nickel  tubes  surrounded  by  coils  (leit)  are  heart  ol  magnetostriction  unit.  Pull-in 
oi  rotor  on  control  motor  (right)  actuates  receirer  muting  contacts 


72.5  V  K-XI.OM  TRANSDUCER 


FIG.  2 — Schematic  oi  ultrasonic  generator, 
comprising  transducers  and  oscillator 


By  NEIL  FRIHART  Chief  Engineer,  anti  JAMES  KRAKORA  Senior  Project  Engineer, 

Advanced  Tv  Development,  Motorola,  Inc.,  Chicago,  III. 

Ultrasonic  Tones 

Frequency  shift  of  continuous  ultrasonic  tone  activates  tuning  motor  on 
tv  receiver.  Skip-tuning  is  possible,  and  both  aiulio  and  video  are  killed  dur¬ 
ing  tuning.  Output  of  ultrasonic  transducer  is  transmitteil  through  air  path 
to  microphone  in  receiver  where  tone.s  are  detectetl  in  halaiu'ed  120-kc  dis¬ 
criminator.  Remote  on-off  control  of  power  is  also  provided 


Remote  controls  for  tv  receiv- 
2rs  have  become  increasingly 
numerous  in  recent  years.  Control 
media  for  the  several  .systems'  " 
have  included  light,  r-f  and  super- 
audible  fre<iuencies.  The  unit  to 
be  described  here  uses  a  continuous 
ultra.sonic  tone  produced  by  a  mag¬ 
netostriction  generator. 

Magnetostriction’  is  the  change 
of  dimension  in  certain  materials 
when  subjected  to  a  magnetic  field. 
The  ultra.sonic  transducer'  .shown 
in  Fig.  1  comprises  a  transistor 
oscillator  whose  frequency  is  con¬ 
trolled  by  either  of  two  lengths  of 
nickel  tubing  with  aluminum  dia¬ 
phragms  at  their  ends.  The  tubing 
in  turn  floats  inside  a  coil  form. 

Wound  on  the  forms  are  two 
coils,  one  at  either  side  of  the  center 
of  each  piece  of  tubing.  One  coil 
acts  as  a  driver,  the  other  as  a  pick¬ 
up  to  provide  a  feedback  voltage 
to  sustain  oscillations. 


When  a-c  is  applied  to  the  driving 
coil,  the  tubing  is  magnetized  and 
the  rod  contracts.  This  cau.ses  .strain 
wav^s  to  be  propagated  along  the 
length  of  the  rod,  and  they  are  re¬ 
flected  from  the  ends.  When  the 
driving  frequency  is  such  that  those 
strain  waves  reinforce,  resonance 
occurs.  At  this  frequency  the  vari¬ 


ation  in  length  is  at  its  greatest, 
which  is  only  about  1  part  in  1,000. 

This  motion  induce.s  a  voltage  in 
the  pickup  coil  which  is  fed  back 
to  control  the  oscillator  frequency. 
Nickel  tubing  with  a  wall  thickness 
of  0.015  in.  is  used  to  reduce  eddy 
currents  from  those  obtained  with 
solid  rod.  Nickel  contracts  with 


FIG.  3 — Block  diagram  oi  completo  control  lyitom.  Box  (A)  comprUot  romole  gonorator. 
while  equipment  in  box  (B)  U  included  within  the  televiiion  receiver 
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either  half-cycle  of  an  alternatinK 
majrnetic  field.  To  avoid  double¬ 
frequency  output  the  tube  is  bia.sed 
majrnetically  so  that  the  induced 
field  never  exceeds  the  bias  field. 
For  best  operation  the  biasinR  flux 
density  is  about  60  percent  of  the 
saturation  value.  In  this  unit  .small 
.sections  of  Cunife  magnets  are 
placed  on  the  sides  of  each  assembly. 

The  use  of  tubing  permits  con¬ 
struction  of  a  .stable  oscillator,  but 
the  acoustical  power  radiated  is 
quite  low.  By  placing  light  alum¬ 
inum  diaphragms  of  an  optimum 
size  on  the  front  ends  of  the  tubing 
it  is  possible  to  increa.se  the  acous¬ 
tical  output  many  times.  Maximum 
power  is  about  40  pbars  at  1  ft. 

The  schematic  diagram  of  the 
ultra.sonic  tran.sducer  is  shown  in 
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Fig.  2.  The  current  drain  is  limit¬ 
ed  to  about  10  ma  and  the  duty 
cycle  is  such  that  good  battery  life 
is  obtained.  Only  2.5  .sec  are  re¬ 
quired  to  bring  the  automatic  tun¬ 
ing  mechanism  back  to  the  starting 
position. 

Complete  System 

The  block<diagram  of  the  complete 
system  is  shown  in  Fig.  3.  The 
receiwr  u.ses  a  barium  titanate 
tran.sducer  as  a  microphone.  As 
shown  in  Fig.  4,  the  microphone  is 
tuned  with  a  20-mh  coil  to  broaden 
the  frequency  response.  The  elec¬ 
trical  and  mechanical  response  com¬ 
plement  each  other  to  provide  peaks 
at  the  control  frequencies  of  38.5 
and  41.5  kc,  as  shown  in  Fig.5.  The 
sensitivity  at  the.se  frequencies  is 
influenced  considerably  by  the  Q  of 
the  microphone  coil,  which  must  be 
40  or  greater  to  obtain  optium  cir¬ 
cuit  operation. 

The  total  beam  angle  of  the 
microphone  is  50  degf  at  the  6-db 
points.  It  is  connected  to  a  R-C  am¬ 
plifier  stage  that  is  degenerative  to 
raise  the  input  impedance  and  re¬ 
duce  microphone  damping.  The 
stage  following  is  tuned  to  reduce 
the  noise  bandwidth  and  to  in¬ 
crease  gain  and  selectivity.  A  con¬ 
ventional  R-C  stage  follows  which 


is  used  to  drive  a  limiter-tripler. 
Finally,  a  balanced  discriminator 
detects  the  two  ultrasonic  tones. 
The  two  positive  control  voltages 
developed  are  fed  through  integra¬ 
tion  circuits  to  further  reduce  the 
possibility  of  noise  causing  false 
operation. 

In  the  complete  television  receiver 
the  sound  and  video  output  are 
muted  during  the  tuning  operation. 
The  receiver  can  be  used  manu¬ 
ally  or  remotely  without  requiring 
switching.  A  housing  is  provided 
for  the  ultrasonic  transmitter  w'hich 
turns  the  power  supply  of  the  re¬ 
mote  receiver  off  when  the  trans¬ 
mitter  is  placed  in  the  housing.  By 
the  use  of  a  continuous  tone  it  is 
possible  to  skip-tune  the  receiver, 
or  continuously  control  an  additional 
function  such  as  volume  or  contrast. 

The  authors  appreciate  the  assist¬ 
ance  on  this  project  of  J.  Davis, 
G.  Heisig,  E.  Salners,  A.  Heppner, 
M.  Pettroff  and  F.  Massa. 
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Reilector  membrane  U  buUt  up  oi 
7,000  eheete  oi  0.5-in.  steel  plate  which 
are  welded  to  one  another  and  to  the 
support  structure.  This  arrangement 
giees  a  high-degree  oi  electrical  con- 
ductieity.  proTides  adequate  pickup  oi 
the  important  21-centimeter  waeelength 


FRONT  COVER — Aerial  riew  oi  radio  telescope  showing  partially  completed  2S0-it 
reilector.  62.5  it  ontenno  tower  and  remotely  located  control  room  (upper  right). 
Aximuth  positioning  is  accomplished  by  moving  entire  mechanism  about  on  circular 
railroad  trocks.  Elevation  positioning  is  accomplished  by  rotating  reilector  on 
trunnions  at  top  oi  the  support  towers.  Reilecing  surioce  is  suitably  painted  to 
prevent  concentration  oi  heot  at  the  ioctu  during  solor  observations  and  to  provide 
o  high  degree  oi  diiiuse  reilection  to  prevent  overheoting  oi  membrane 


Radio  Telescope  Sees 


Free  world’s  largest  and  most  sensitive  radiation  detector  locates,  identifies 
and  tracks  astral  bodies  emitting  low-energy  radio  waves  anti  measures  geo¬ 
metric  properties  of  solar  bodies.  Altazimuth  antenna  assembly  is  automat¬ 
ically  positioned  by  computer-controlled  servo  system  accurate  to  within 
nine  minutes  of  arc.  Analog  computer  solves  complex  equations  describing 
antenna  attitude  required  to  track  radiating  source. 


By  C.  N.  KINGTON  Chief  Mechanical  and  Electrical  Engineer,  Husband  &  Co.,  Sheffield,  Ehigland. 


Movements  of  bodies  in  the  solar 
system  can  be  measured  using  a 
radar-like  tracking  mode  of  opera¬ 
tion.  Various  time  relationships 
e.stablished  by  this  technique  have 
enabled  astronomers  to  successfully 
determine  orbital  information  for 
Ru.ssian  and  U.  S.  satellites. 

It  is  expected  that  a  detailed 
study  of  the  ionosphere  and  of  the 
changes  that  occur  in  it  will  be 
possible  using  this  in.strument. 
Valuable  discoveries  concerning  re- 


of  the  universe  and  to  investigate 
properties  of  bodies  within  the 
solar  system. 

System  Capabilities 

The  detection  system  is  a  com¬ 
puter-controlled  servo-operated  an¬ 
tenna  capable  of  picking  up  ex¬ 
tremely  low  intensity  radiations 
emitted  at  a  wavelength  of  21 
centimeters  by  clouds  of  cold 
hydrogen  and  faintly  luminous 
gases  drifting  in  interstellar  space. 


Radio  astronomy  is  based  on 
the  fact  that  radio  waves 
emitted  from  numerous  sources  in 
space  impinge  on  the  earth’s  surface 
and  can  be  detected  by  suitable  re¬ 
ceiving  apparatus.  At  present,  the 
largest  and  the  most  sensitive  radi¬ 
ation  detector  in  the  free  world  is 
the  radio  telescope  discussed  here. 
In  operation  since  June,  1957  (see 
p  8,  Sept.  1957),  it  is  being  used 
to  help  solve  the  prime  cosmologi¬ 
cal  problems  relating  to  the  origin 


June  6,  I W8  —  ELECTRONICS  engineering  edition 


2  Billion  Light  Years 


flection  and  absorption  of  short 
wavelengths  used  in  long-distance 
radio  communications  are  antici¬ 
pated. 

Physical  Description 

Two  integrally  related  but 
physically  dissimilar  installations 
make  up  the  complete  radio  telescope 
system.  These  are:  the  reflector 
bow’l  and  antenna  with  as.sociated 
support  and  drive  equipment, 


shown  in  Fig.  1;  and  the  control 
station  which  hou.ses  the  computer, 
readout  and  recording  devices. 

At  the  geometric  center  of  the 
250-foot  paraboloidal  reflector  is  a 
62  i -foot  tower  to  which  the  antenna 
is  mounted.  The  focus  of  the  re¬ 
flector  is  in  the  aperture  plane  and 
coincides  accurately  with  the  posi¬ 
tion  of  the  antenna. 

Infinitely  variable  movements  of 
the  telescope  around  its  axis  are 


BACKGROUND  OF  RADIO  ASTRONOMY 

Radi)  UlaKopat  or*  itmilar  in  principl*  to  optical  talaKopai  axcapt  that  th«y  rocaiva 
•l•ctromogn•tic  radiotioni  having  wavalangtht  a  million  timai  longar  than  tho>«  of  light. 
Sinca  long  wavalingths  ar«  ralotivaly  unoffoctad  by  cloudi,  fog  or  daylight,  radio 
attronomart  hava  o  markad  advontoga  ovar  thota  using  convantional  malhods  of 
obsarvotion. 

Alto,  rodio  wavat,  craotad  in  soma  unknown  monnor  by  goloxiat  in  collision,  panatrola 
much  forthar  into  tpoca  than  do  light  wovas.  For  this  raoson,  radio  talascopas  con 
invastigota  tpoca  mora  daaply  than  optical  talascopas. 

Major  difficulty  axpcriancad  with  small  radio  talascopas  it  that  suffkiant  rasolution 
it  hard  to  obtain  ot  tha  long  wovalangths  utod.  Sinco  tha  baom  width,  or  ongla  of  tha 
racaiving  cona,  dapandt  on  tha  ratio  of  wovalangth  to  tha  diomatar  of  tha  talascopa's 
rafloctor,  ontanno  mo'.ts  thousands  of  milas  long  would  ba  raquirad  to  got  odaquoto 
rasolution.  An  oltornota  opprooch— incraosing  tha  physical  tixo  of  tha  rofiactor— hot  boon 
utad  in  dotigning  modarn  systams  such  os  tha  Jodroll  Bonk  TaloKopa. 


produced  by  two  Ward-Leonard 
motor-generator  sets.  These  units 
are  housed  in  a  substation  located 
immediately  over  the  center  pivot. 
The  generators  supply  variable 
amounts  of  electrical  energy  to 
motors  which  ftosition  the  telescope 
in  azimuth  and  elevation. 

Azimuth  motors  are  mounted  in 
carriages  which  drive  the  whole 
antenna  structure  about  its  vertical 
axis.  Elevation  motors  are 
mounted  in  laboratories  at  the  top 
of  each  support  tower  and  rotate 
the  reflector  bowl  about  its  hori¬ 
zontal  axis. 

An  electromechanical  computer 
system  situated  in  a  control  station 
200  yards  away  regulates  the  out¬ 
put  of  the  generators.  Banks  of  in¬ 
struments  surrounding  the  control 
desk  give  full  information  regard¬ 
ing  the  position  of  the  antenna  as¬ 
sembly.  A  large  window  looking 
towards  the  instrument  enables 
the  operator  to  see  the  reflector 
movements  by  day  and,  with  the 
aid  of  floodlights,  by  night. 

An  underground  tunnel  extends 
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Antanna  lowar  diamatar  dlminUhaa  Slaal  laboratory  huag  immadlataly  balow  tha  cantar  of  tha  railactor  is  mountad 

graatly  os  Its  alaaatlon  aboTa  tha  ra-  on  trunnions  to  kaap  tha  floor  laaal  and  Is  a<iuippad  with  damping  doTicas  to 

ilactor  incraasas.  This  Is  dona  to  oaold  pravant  oscillatloaa  rasultlng  from  high  winds.  Two  towars  supporting  railactor 

obsurlng  and  scattarlng  radiation  irom  allow  o  full  360-dag  rotation  plus  soma  oaarlap.  Slaal  construction  withstands  graat 

tha  primary  iaad.  Spaclal  structural  slrass  chaagas  craatad  during  rotation  oi  railactor  and  proaidas  suliiciani  waighi 

dasign  is  usad  to  praaani  tha  lowar  to  add  stability  and  oiisat  tha  OTarturniag  aiiacts  oi  tha  wind.  Syslam  will  aulo- 

irom  banding  whan  bowl  Is  alaaotad  moticolly  corract  ior  parallax  whan  tracking  bodias  in  tha  solar  systam 
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FIG.  1 — Phytical  arrangamcnt  of  an¬ 
tenna  aiAembly.  TweWe  four-wheeled 
carriages  support  the  entire  antenna 
structure.  Four  carriages  are  used  under 
each  tower  to  help  distribute  the  load 
and  to  counteract  toppling  effect  of 
wind.  Two  drlring  carrioges  are  used 
to  move  each  tower  around  on  two  cir- 
culor  sets  of  railroad  tracks 


View  of  radio  telescope  looking  through  control  room  window.  Antenno  assembly 
can  be  operated  remotely  by  one  person  sitting  at  the  desk-type  console  which 
houses  all  necessary  controls.  A  wide  range  of  telescope  moeements  can  be  selected 
including:  automatic  sidereal  motion  at  a  giren  right  ascension  and  declinotion; 
motion  in  galactic  latitude  and  longitude;  motion  in  aximuth  and  eleTation;  and 
various  automatic  scanning  motions  with  a  choice  of  rasters 


from  the  basement  of  the  control 
room  to  an  annular  chamber  sur¬ 
rounding  the  center  pivot  of  the 
antenna  assembly.  This  tunnel  is 
large  enough  for  pede.strian  use 
and  has  racks  on  which  power,  con¬ 
trol  and  radio  cables  are  laid. 

When  the  telescope  receives 
radiations  from  outer  space,  the 
amount  of  energy  concentrated  on 
the  antenna  at  the  focal  point  is 
extremely  small.  To  amplify  and 
analyze  these  radiations  before  they 
are  dissipated  or  contaminated  by 
local  atmospheric  di.sturbances  or 
man-made  radio  waves,  the  radio¬ 
frequency  preamplifiers  and  other 
parts  of  the  receiving  equipment 
are  placed  immediately  adjacent  to 
the  antenna.  The  main  amplifiers 
are  located  in  a  suspended  labora¬ 
tory  below'  the  reflector. 

Two  distinct  types  of  radio 
equipment  are  required  to  detect 
radio-waves  generated  in  remote 
parts  of  the  universe  and  to  meas- 
sure  the  properties  of  .solar  bodies. 
An  extremely  sensitive  receiver  op¬ 
erating  on  90,  168,  408  and  1,420 
me  picks  up  radio  emissions  from 
the  local  galactic  .system  and  also 
from  various  types  of  extragalactic 
nebulae.  A  transceiver  operating 
on  120  megacycles  tracks  and  re¬ 


cords  the  motion  of  the  planets,  the 
moon,  meteors  and  artificial  earth 
satellites. 

Operational  Requirements 

The  telescope  is  of  the  altazimuth 
t3T)e.  This  means  that  the  aiming 
and  following  movements  of  the 
antenna  and  reflector  are  obtained 
by  a  combination  of  motions  in  azi¬ 
muth  and  elevation.  In  practice,  the 
whole  antenna  assembly  is  rotated 
in  a  horizontal  plane  w’hile  the  re¬ 
flector  is  titlted  about  a  horizontal 
axis. 

To  permit  realization  of  the  full 
capabilities  of  the  telescope,  three 
operational  modes  are  used:  track¬ 
ing — in  which  the  tele.scope  is 
locked  onto  the  course  of  and  moved 
with  a  radio  energy  source;  scan¬ 
ning — in  which  the  arc  of  the  sky 
to  be  scanned  is  set  into  the  tele¬ 
scope  in  either  terrestial,  galactic 
or  celestial  coordinates  by  raster 
scanning  steps  dependent  on  time 
or  position;  and  traversing — in 
which  the  telescope  makes  rapid 
movements  from  one  preset  posi¬ 
tion  to  another. 

To  function  proi>erly  in  these  op¬ 
erating  modes,  the  control  system 
must:  provide  infinitely  variable 
rotational  speeds  in  azimuth  for  the 
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FIG.  2 — Sarvo  loop  diagrom  of  radio 
teloxcop*.  Command  potition  tignals 
from  the  computor  and  control  circuit* 
are  compared  with  actual  poaltion 
signal*  from  the  reflector*.  Difference, 
or  error,  signal*  control  the  excitor 

field  of  motor-generator  set*.  Output 
of  the  motor-generator  set*  drive  d-c 
motor*  which  compensate  lor  the  error 
by  positioning  the  reflector 

whole  2,000-ton  structure  up  to  a 
maximum  of  20  deg/min;  provide 
infinitely  variable  rotational  speeds 
in  elevation  for  the  750-ton  para- 
baloidal  bowl  and  antenna  up  to  a 
maximum  of  24  deg/min;  aim  the 
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bowl  focus  at  any  point  above  the 
horizon  and  continuously  track  the 
point;  scan  a  chosen  area  of  the 
sky;  function  by  automatic  controls 
installed  in  a  remotely  located 
building;  and  execute  all  aiming 
and  following  operations  with  the 
greatest  possible  accuracy. 

The  act  of  aiming  accurately  at 
any  chosen  object  in  the  sky  and  of 
following  that  object  as  it  moves 
across  the  sky  involves  ability  to 
convert  rapidly  and  continuously 
the  coordinates  defining  the  posi¬ 
tion  of  the  chosen  point  into  azi¬ 
muth  and  elevation  angular  set¬ 
tings,  and  to  adjust  the  p<»sition  of 
the  telescope  correspondingly.  This 
must  be  done  under  conditions  of 
variable  wind,  snow  or  ice  loads. 

There  must  be  negligible  creep 
or  overrun  as  the  heavy  reflector  is 
decelerated  to  rest  and  then  ac¬ 
celerated  in  the  reverse  direction. 
Also,  the  drive  sy.stem  must  be  in¬ 
herently  stable  and  tight  through¬ 
out  the  whole  speed  range. 

Control  System  Operation 

To  meet  the  operational  require¬ 
ments,  a  closed  loop  positional  servo 
control  system  is  used.  The  control 
system  is  split  into  two  parts:  an 
electromechanical  analog  computer 
and  a  drive  a.s.sembly.  The  com¬ 
puter  .solves  14  trigonometric  equa¬ 
tions  derived  from  sideral  time  and 
astronomical  coordinate  inputs. 
Calculated  azimuth  and  elevation 
command  signals  are  then  .sent  to 
the  main  drive  system  to  physically 
position  the  reflector.  A  block  dia¬ 
gram  of  the  control  system  is 
shown  in  Fig.  2. 

Functionally,  the  control  desk, 
automatic  control  panels  and  com¬ 


puter  are  more  complex  than  the 
rest  of  the  control  system  because 
any  one  of  three  different  sets  of 
positional  coordinates  can  be  used 
to  define  the  position  of  a  point 
above  the  horizon.  Coordinates 
used  are :  galactic  latitude  and 
longitude;  celestial  right  ascension 
and  declination ;  and  terrestrial  azi¬ 
muth  and  elevation. 

Since  antenna  movement  is  ob¬ 
tained  by  a  combination  of  move¬ 
ments  in  azimuth  and  elevation,  the 
computer  must  convert  galactic  to 
celestial  and  celestial  into  terres¬ 
trial  coordinates.  Furthermore, 
correction  must  be  made  for  the 
effect  of  the  earth’s  rotation  about 
its  own  axis.  Allowance  must  also 
be  made  for  the  earth’s  orbital 
movement  when  aiming  at  the  sun 
or  planets  and  for  parallax  correc¬ 
tion  in  altitude  when  observing  the 
moon. 

Celestial  and  terrestrial  coordi¬ 
nates  are  related  by  spherical 
trigonometric  equations.  Since 
some  of  the  equations  are  more 
suitable  for  various  positional  con¬ 
ditions  than  others,  the  control  sys¬ 
tem  is  required  to  select  automatic¬ 
ally  the  best  equations  for  any 
specific  case. 

Since  all  coordinate  relationships 
involve  sine  and  cosine  terms,  re¬ 
solvers  are  used  to  solve  the  equa¬ 
tions.  Three  pairs  of  resolver 
shafts  deal  with  coordinates  and 
one  repeats  back  to  the  control 
equipment  the  actual  angular  posi¬ 
tion  of  the  reflector. 

Correction  for  the  earth’s  rota¬ 
tion  is  made  to  right  ascension  by 
an  oscillator-regulated  synchronous 
motor.  The  oscillator  is  tied  to  a 
master  sideral  time  clock  by  correc¬ 


tion  impulses.  Resolvers  dealing 
with  hour  angle  are  driven  by  both 
the  right  ascension  synchro  shaft 
and  the  clock  motor.  The  resultant 
hour  angle  is  used  to  convert  right 
ascension  and  declination  into  azi¬ 
muth  and  elevation  angles.  When 
observing  the  sun  or  planets,  the 
neces.sary  corrections  to  right 
ascension  and  declination  coordi¬ 
nates  are  continuously  introduced 
signals  from  the  sidereal  time  sys¬ 
tem. 

The  coordinate  pair  to  be  used  is 
selected  manually ;  however,  the 
signal  to  the  telescope  driving  sys¬ 
tem  is  always  taken  from  the  azi¬ 
muth  and  elevation  shafts.  Coarse 
and  fine  transmitter  synchros  on 
the  shafts  order  the  antenna  to  azi¬ 
muth  and  elevation  angular  posi¬ 
tions  which  correspond  to  the 
angular  positions  of  their  rotors. 
If  a  transmitter  motor  position  is 
different  from  a  receiving  synchro 
rotor  position  established  by  the 
actual  antenna  position,  an  error 
voltage  proportional  to  the  angular 
difference  is  generated  in  a  differ¬ 
ential  synchro.  These  error  signals 
are  sent  to  the  motor  generator 
room,  amplified  and  used  to  vary 
the  exciter  fields  of  motor-gen¬ 
erator  sets  which  drive  the  vari¬ 
able-speed  50-hp  d-c  motors 
mounted  on  the  elevation  axis  and 
on  the  azimuth  driving  carriages. 

Fine  and  coarse  repeat-back  syn¬ 
chros  transmit  the  azimuth  posi¬ 
tion  of  the  reflector  through  coupv 
ling  on  the  center  pivot  of  the 
antenna  assembly.  Elevation  posi¬ 
tion  pickoff  is  taken  from  another 
set  of  double  synchros  mounted  on 
the  tower  trunnions. 

Scanning  and  autoset  circuits 


FIG.  3 — Scanning  and  autoaet  circuit.  ThU  circuit  controls  scan¬ 
ning  motions  of  the  reflector.  Arc  in  the  sky  to  be  scanned  is 
set  in  using  terrestial.  galactic  or  celestial  coordinates 


FIG.  4 — Twin-feedback  resoWer  amplifier  circuit.  This  amplifier 
compensates  for  inherent  electrical  errors  in  resolvers  used  to 
solve  trigonmetric  equations  in  the  computer 
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are  shown  in  Fig.  3.  These  circuits 
set  up  required  driving  coordinate 
positions  of  the  controller  and  pro¬ 
vide  means  for  scanning  the  sky 
by  various  methods. 

When  switch  S,  is  in  the  NORM 
position,  a  continuous  drive  is  ap¬ 
plied  to  the  motor-generator  of  the 
driving  coordinate  controller.  The 
positive  or  negative  sen.se  of  the 
drive  is  controlled  by  switches  St 
or  S..  When  the  autoset  switch  S, 
is  in  the  AUTO  position,  the  coordi¬ 
nate  can  be  set  up  automatically. 
In  this  case,  tube  V,  becomes  a 
single-stage  amplifier  and,  by  way 
of  phase-sensitive  rectifier  tube  V„ 
drives  the  coordinate  until  coin¬ 
cidence  is  obtained  in  the  synchro 
circuit. 

Driving  coordinates  can  be  ar¬ 
ranged  to  scan  about  a  predeter¬ 
mined  center.  The  center  is  estab¬ 
lished  by  setting  up  a  scan-center 
coincidence  synchro  which  is 
coupled  to  a  transmitter  synchro 
on  the  coordinate  shaft.  Output  of 
the  scan-center  coincidence  trans¬ 
mitter  is  coupled  to  and  compared 
with  the  preset  amplitude  bias  ap¬ 
plied  to  the  tube  V,.  The  circuit 
determines  the  limit  of  the  scan  by 
energizing  or  deenergizing  relay  K, 
when  the  synchro  error  signal  ex¬ 
ceeds  that  of  the  bias.  Required 
driving  voltage  is  applied  by  con¬ 
tact  on  relay  K,  through  switch  S, 
to  coordinate  controller  motor-gen¬ 
erator. 

One  coordinate  can  be  stepped  in 
either  at  predetermined  time  inter¬ 
vals  or  on  reaching  the  limit  of 
scan  in  another  coordinate  using 
step  switch  S^.  Stepping  can  take 
place  at  a  controlled  speed  either 
forward  or  in  reverse  over  any  of 
five  arcs  preselected  on  a  com- 


Rack-mounted  instruments  (left)  are  arranged  in  circular  pattern  around  control  desk 
(right).  Indicator  dials  are  large  enough  to  be  read  from  the  operotor's  chair.  Tele¬ 
scope's  actual  position  is  expressed  in  degrees  and  minutes  for  each  of  the  terrestial. 
galactic  and  celestial  coordinates.  Sidereal  time  is  also  presented 


mutator  located  in  a  remote  place,  erative  oscillator  with  amplitude 
Most  resolver  errors  result  from  control,  shown  in  Fig.  6,  drives  the 
the  high  effective  resistance  of  the  .synchronous  clock  motor, 
windings  and  the  presence  of  un-  Motor  speed  is  compared  at  30- 
wanted  flux  in  the  windings.  These  .second  intervals  with  a  pendulum 
shortcomings  are  overcome  with  driven  master  clock  and  is  arranged 
the  twin  high-gain  two-stage  R-C  to  drive  a  little  faster  than  sidereal 
coupled  amplifiers  shown  in  Fig.  4.  time.  If  at  the  time  of  checking  the 
The  circuit  u.ses  antioscillatory  in-  motor  driven  clock  is  in  advance  of 
put  circuits  and  also  has  provision  the  master  clock,  a  check  capacitor 
for  gain  and  phase  adjustment,  is  closed  across  the  input  of  tube  F,. 
Outputs  from  the  resolver  ampli-  The  frequeny  of  oscillation  and  the 
fiers  are  passed  through  a  resistive  speed  of  the  motor  are  then  reduced 
network  and  fed  to  the  R-C  coupled  bringing  the  motor  back  into  coin¬ 
amplifier  shown  in  Fig.  5.  The  am-  cidence  with  the  master, 
plifier  is  transformer-coupled  to  a  l  l  /••  • 

phase-sensitive  rectifier  having  a  Repeatbaek  Circuit 

balance  control.  The  repeatbaek  circuit  detects  the 

actual  position  of  the  reflector  and 
displays  it  in  degrees  and  minutes 
The  hour  angle  resolvers  are  of  elevation  and  azimuth  on  dials 
driven  by  a  synchronous  motor  run-  in  the  control  room.  To  assure  fast 
ning  at  sidereal  time.  Amplified  and  accurate  correspondence  be- 
output  from  the  R-C  coupled,  regen-  tween  actual  and  indicated  position. 


Sidereal  Time  Oscillator 


SEC  RESOtVER  AMP 

— master  clock 
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FIG.  6 — Sidareal  raganaratlT*  oaciUator.  Thit  circuit  k*«pN  th« 
output  of  a  synchronoua  clock  motor  in  coinddonco  with  a  maator 
aidoroal  timo  clock.  Motor  output  proTidoa  input  to  computor 


FIG.  S — Second  roaoWor  amplifier  and  phaae-aenaitiee  rectifier. 
Thia  circuit  ampliiiea  the  output  from  the  circuit  abown  in  Fig.  6 
and  conrerta  it  to  control  the  main  driee  circuita 
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FIG.  7 — ThU  circuit  ampliiUt  (iqnal  irom  r*p*otbcick  tynchroa  FIG.  8 — Maliunction  circuits.  Six  tub«-op«rat*<l  relays  protect 
and  coneerts  it  into  a  d-c  siqnal  which  controls  the  coincidence  telescope  circuits  aqainst  orerload  caused  by  component  failure 
transmitters  of  the  repeatback  dials  or  against  inaccuracies  caused  by  system  errors 


the  .special  amplifier-rectifier  circuit 
shown  in  Fig.  7  i.s  u.sed. 

Mounted  on  both  the  elevation 
and  azimuth  axis  of  the  reflector  are 
a  fine  and  a  coarse  .synchro.  The 
coarse  synchro  is  driven  by  the  re¬ 
flector  while  the  fine  .synchro  is 
geared  to  the  coarse  synchro  at  a 
ratio  of  ,36:1.  Outputs  from  these 
synchros  are  electrically  coupled  to 
relay-control  tul>e  V’,  and  to  the  two- 
stage  R-C  coupled  amplifiers  V, 
and  V,.  Signals  generated  in  the 
repeatback  circuit  are  applied  to  a 
coarse  and  fine  coincidence  trans¬ 
mitter  used  to  position  control  room 
dials.  Transmitter  positioning  sig¬ 
nals  are  also  fed  back  to  grid  of 
tube  F,  in  the  repeatback  circuit. 

If  the  difference  angle  betw’een 
the  actual  reflector  position  and 
that  on  the  dials  exceeds  3.5  deg, 
V',  triggers  and  relay  A',  is  ener¬ 
gized.  The  input  to  F,  now  becomes 
the  signal  from  the  coarse  repeat- 
back  synchro  and  the  repeatback 
dials  are  able  to  follow  the  reflec¬ 
tor  movements. 

When  the  reflector  slows  down, 
the  difference  angle  becomes  less 
than  3.5  deg  and  the  relay  is  de¬ 
energized.  Input  tube  F,  now 
becomes  the  signal  from  the  fine 
repeatback  synchro  and  the  repeat- 
back  dials  follow  the  reflector  move¬ 
ments  with  more  accuracy. 

Malfunction  Circuits 

Provisions  are  made  to  stop  nor¬ 
mal  tracking  of  the  telescope  and 
set  off  alarms  in  the  event  of  com¬ 
ponent  breakdown  or  other  faults 
causing  computational  or  tracking 


errors.  The  circuit  u.sed  consists  of 
six  tube-operated  relays  arranged 
as  shown  in  Fig.  8. 

Four  of  the  inputs  to  the  alarm 
circuits  are  from  the  .secondary  re¬ 
solver  amplifiers;  the  remaining 
two  are  obtained  from  synchros 
w’hose  error  voltage  is  proportional 
to  the  difference  between  the  com¬ 
puter  position  in  azimuth  and  ele¬ 
vation,  and  the  position  taken  by 
the  reflector.  In  the  event  any  of 
the  signals  increa.se  beyond  a  pre¬ 
determined  level,  the  relays  are  op¬ 
erated,  tracking  cea.ses,  and  the 
source  of  the  error  is  indicated. 

Operating  Data 

To  set  the  telescope  to  given 
bearings,  the  positon  defining  co¬ 
ordinates  are  selected  by  hand  on 
dials  in  the  control  room.  Push¬ 
button  operation  sets  the  coordi¬ 
nate  shafts  to  the  corresponding 
position.  Error  signals  between 
transmitter  and  receiver  synchros 
cause  the  telescope  to  move  to  the 
required  position.  The  sidereal  time 
correction  is  then  automatically 
applied. 

Normally,  tracking  speeds  are  in 
the  range  of  1  deg  min  to  15  deg/ 
hr.  At  tracking  speeds  up  to  4  de¬ 
grees  per  minute,  the  position  is 
maintained  to  an  accuracy  of  one 
fifth  of  a  degree  for  both  azimuth 
and  elevation  motions.  When  the 
permissable  limit  of  angular  rota¬ 
tion  is  reached  for  either  motion 
during  automatic  tracking,  forward 
drive  is  cut  off  and  reverse  motion 
applied  at  full  speed  until  the  origi¬ 
nal  bearing  plus  time  correction  is 


reached.  At  this  time,  forward 
tracking  recommences. 

For  scanning  purposes,  any  one 
of  the  three  pairs  of  coordinates 
can  be  selected  manually  and  the 
corresponding  second  coordinate  of 
the  pair  varied  in  manually  selected 
steps.  This  selection  is  achieved  by 
setting  the  center  of  the  required 
scan  as  an  angle  on  a  synchro  and 
the  angular  range  of  the  scan  as  a 
setting  on  a  calibrated  potentiome¬ 
ter.  The  potentiometer  output  volt¬ 
age  is  then  compared  with  the  error 
signal  from  a  transmitter  synchro 
on  the  scanning  coordinate  shaft. 
When  they  are  equal,  one  relay  re¬ 
verses  the  direction  of  drive  and  a 
second  produces  the  required  angu¬ 
lar  step  in  the  other  coordinate. 

The  whole  of  the  automatic  con¬ 
trol  apparatus  can  be  switched  out 
and  both  motions  controlled  manu¬ 
ally  from  cabinets  in  the  Ward- 
Leonard  room  on  the  telescope 
structure.  Emergency  crash  stop 
buttons  are  provided  in  the  control 
room  and  at  various  strategic  posi¬ 
tions  on  the  moving  structure.  An 
interlock  system  makes  it  impossi¬ 
ble  to  rotate  the  bowl  until  person¬ 
nel  have  left  the  elevated  walkw’ays 
and  are  in  either  the  small  sus¬ 
pended  laboratory  below  the  reflec¬ 
tor  or  in  one  of  the  towers. 

There  is  a  warning  and  signal 
light  display  panel  in  the  control 
room.  This  system  indicates 
whether  the  brakes  are  on  or  off,  if 
the  suspended  laboratory  is  occu¬ 
pied  and  if  crash  button  has  been 
operated  in  the  event  of  an  emer¬ 
gency  stop. 
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Heat  Program  Timer 

Compact,  bench-sized  electronic  switch,  to  control  weld  energy  for  produc¬ 
tion-line  welding  of  small  components,  features  five  imlependent  control 
functions  that  cover  most  of  the  welding  problems  encountered  by  a  man¬ 
ufacturer  of  special-purpose  electron  tubes 


By  A.  V.  RAMS,  Senior  Engineer,  Weldpower  Group.  Raytheon  ManiifacturinR  Co.,  N«-wton.  Mans. 


VARIETY  OF  METALS,  shapes  and 
surface  conditions  of  parts 
that  must  be  welded  in  reliable  vac¬ 
uum  tube  assembly  presents  a  prob¬ 
lem  that  cannot  be  solved  by  con¬ 
ventional  synchronous  resistance 
welder  controls. 

An  example  is  the  welding  of 
carbonized  nickel  anodes  where 
application  of  sufficient  heat  to  fuse 
the  nickel  causes  expulsion  of  par¬ 
ticles  of  molten  metal  (weld  splash) 
because  of  the  high  resistance  of 
the  carbonized  surfaces.  These  par¬ 
ticles  are  a  potential  source  of 
failure  in  the  finished  tube.  Reduc¬ 
ing  heat  to  reduce  splash  results  in 
a  weak  weld. 

Abilty  to  vary  the  heat  level  dur¬ 
ing  a  weld  interval  permits  the 
changing  conditions  of  the  work 


Heat  program  timer  chanU  (left)  and 
power  head  (right)  in  operation  on  the 
electron  tube  auembly  line 


pieces  to  be  matched  in  a  limted 
manner  by  the  power  supply,  there¬ 
by  eliminating  weld  splash  and 
most  other  similar  problems  en¬ 
countered  in  the  tube  as.sembly 
plant. 


Electronic  Switch 

The  timer  is  basically  an  elec¬ 
tronic  .switch  controlling  the  flow 
of  current  from  a  230-v,  60-cps 
power  line  to  the  primary  of  a 
welding  transformer. 

Figure  1  is  a  block  diagram  of 
the  unit,  and  the  accompanying 
photo  shows  an  actual  bench  setup. 

Five  independent  control  func¬ 
tions  provided  in  the  heat  program 
timer  are  low  heat,  weld  heat,  up- 
slope  time,  weld  time  and  down- 
slope  time.  Line  power  is  applied 


POWER  TO  WELDING 

FROM  LINE  TRANSFORMER 

AAAAAAA/ 

IN  OUT 


CYCLES:  HEAT: 

A-UP  SLOPE  O-WELO 

B-WELO  E-LOW 

C-DOWN  SLOPE 


FIG.  1 — Block  diagram  oi  weld  timer 


to  the  contactor  thyratrons.  The 
settings  of  the  controls  determine 
the  shape  of  a  d-c  voltage  devel¬ 
oped  in  part  of  the  circuitry  and 
this  voltage  is  impressed  upon  a 
pulse  generating  circuit  whose  out¬ 
put  pulses  are  pha.se  shifte<l  with 
respect  to  line  voltage  in  accord¬ 
ance  to  the  impres.sed  d-c  voltage. 
The  pulses  are  used  to  fire  the  thy- 
ratron  contactor  tubes  and  supply 
the  desired  variation  in  welding 
current. 


Thyratrons 

In  Fig.  2,  thyratron  tubes  V', 
and  V,  are  connected  in  inverse 
parallel  and  placed  in  .series  with 
the  power  line  and  welding  trans¬ 
former.  Grids  of  V,  and  V',  are 
biased  negatively  by  the  trans¬ 
former  .secondaries  of  T,,  capaci¬ 
tors  C,  and  C„  and  dry  rectifiers 
D,  and  D,. 

Indicator  lamp  /„  capacitor  C„ 
and  resistor  R,  form  a  voltage  in¬ 
dicator  for  adjusting  the  power 
factor  to  the  welding  transformer 
and  load.  Normally  open  contacts 
of  K,  prevent  application  of  line 
voltage  to  V,  and  V,  until  after  a 
timed  warmup  period.  Application 
of  primary  p^iwer  to  transformers 
T,  and  T,  applies  heater  voltages  to 
all  tubes,  energizes  delay  relay  K, 
and  energizes  all  bias,  control  and 
power  supply  windings. 

Thyratron  V,  is  nonconducting 
because  it  is  shorted  by  a  set  of 
normally  closed  contacts  of  K,. 
Thyratron  F,  is  nonconducting  be- 
cau.se  its  grid  is  at  approximately 
—  15  V  derived  from  the  divider 
network  formed  by  R,  and  R,.  Tube 
V,  becomes  conducting  and  the 


76 


June  6,  1958  —  ELECTRONICS  engineering  edition 


Controls  Weld  Energy 


FIG.  2 — Schematic  oi  the  heal  proqram  timer,  ehowinq  the  adjiutable  potentiometers  that  control  the  heat  functions 


reaultinfr  voltage  drop  acro.ss  R, 
add.s  approximately  —  150-v  d-c  to 
grid  bia.s  of  V,.  Tube  V„  is  non¬ 
conducting  liecau.se  of  the  normally 
open  contact  of  K,  in  it.s  plate  cir¬ 
cuit.  Tube  V'„  i.s  conducting.  Tube 
V„  i.s  nonconducting  because  of  the 
negative  grid  voltage  derived  from 
voltage  divider  string  /?i  and  R,. 
Tube  V’u  is  conducting. 

When  delay  relay  K,  completes 
its  cycle,  it  shorts  out  R,  and  allows 
indicator  light  /,  to  glow.  Opera¬ 
tion  of  weld  switch  S,  to  the  mo¬ 
mentary  ON  position  energizes  K, 


which  locks  it.self  in  thrttugh  /?.. 
The  normally  open  contacts  of  K, 
close  applying  line  voltage  tt)  thy- 
ratrons  V,  and  V,.  Normally  ttpen 
contacts  of  K,  close  applying  plate 
voltage  to  V’,„.  However,  V’,,  re¬ 
mains  nonconducting  becau.se  of 
the  negative  voltage  applied  to  its 
grid  through  V,  and  K,.  The  equip¬ 
ment  is  now  ready  for  welding. 

Closing  the  initiating  circuit 
energizes  relay  K,.  The  normally 
clo.sed  contacts  open  and  the  anode 
of  r.  rises  to  approximately  300-v 
d-c.  Tube  V’,  remains  nonconduct¬ 


ing  because  of  the  large  bias 
voltage  developed  across  the  cath¬ 
ode  resistor  /?,.  A  second  set  of 
normally  closed  contacts  on  K, 
open  allowing  capacitor  C.  to 
charge  from  —15  towards  -t-300 
through  resistor  potentiometer 
/?„  and  Vi.  As  the  voltage  across  C, 
rises,  the  grid  of  V,  approaches  its 
cathode  potential  as  determined  by 
the  voltage  across  /?,.  When  this 
voltage  is  reached  (approximately 
150  v)  conducts. 

The  time  required  for  the  volt¬ 
age  across  C.  to  rise  to  positive 
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150-v  d-c  is  the  up  slope  cycle  and 
is  adjustable  with  R„  over  the 
range  of  2  to  10  cps. 

Tubes  V,  and  V,  form  an  inverter 
circuit.  Conduction  of  V»  extin¬ 
guishes  V’t  by  commutating  capaci¬ 
tor  C,.  Tube  V,  is  held  nonconduct¬ 
ing  for  a  time  determined  by  C„ 
Rk  and  potentiometer  R,,.  Clamper 
F,  prevents  the  voltage  across  C» 
from  rising  more  than  a  few  volts 
above  150  v  d-c.  After  the  time 
period,  F,  conducts,  extinguishing 
F,. 

Start  of  conduction  in  F,  applies 
a  voltage  to  T.  primary  producing 
a  voltage  pulse  in  T,  secondary 
which  makes  thyratron  F.  conduct. 
The  anode  of  F,  now  drops  to  ap¬ 
proximately  —  120  V.  Capacitor  C, 
starts  discharging  from  4-150  v 
towards  —120  v  through  R,„  po¬ 
tentiometer  R,,,  and  F,.  The  time 
for  C,  to  discharge  from  4-150  to 
0  volts  is  designated  as  down  slope 
cycle  and  is  adjustable  by  over 
a  range  of  2  to  10  cps. 

A  voltage  develops  which  started 
at  —15  V  and  rose  to  4-150  v  in  an 
adjustable  time  period,  was  main- 


■  EFFECTIVE  PORTION¬ 


S’  -initial  AND 


final  meat  level-^^^^ 


(A) 


FIG.  3 — Pulse-qeneratinq  circuit*  operate 
in  efiectiTe  portion  (A),  with  shaded  sec¬ 
tion  representing  roltaqe  added  by  low 
heat  adjust.  Triqqerinq  in  (B)  occurs  once 
each  cycle.  The  instant  oi  start  of  con¬ 
duction  is  controlled  by  weld  heat  adjust 


tained  at  150  v  level  for  another 
adjustable  time  period  and  then 
decreased  through  zero  to  a  nega¬ 
tive  value  in  another  adjustable 
time  period.  The  voltage  developed 
across  potentiometer  /?„  and  re¬ 
sistor  i?,;  is  equal  to  the  difference 
between  4-150  and  the  voltage 
across  capacitor  C,.  The  slider  on 
Rt,  allows  developing  a  voltage 
which  is  the  sum  of  the  instan¬ 
taneous  voltage  on  C,  and  a  selecta¬ 
ble  portion  of  the  voltage  difference 
described  above.  The  section  of 
tube  F„  which  supplies  negative 
bias  to  F,,.,  acts  as  a  switching 
device  in  the  following  manner.  As 
long  as  C.  is  negatively  charged, 
F,„  is  biased  negatively.  When  C. 
approaches  0  volts  or  goes  positive, 
this  .section  of  F,  ceases  to  conduct 
and  bias  is  removed  from  the  grid 
of  F,o  allowing  this  portion  of  the 
circuit  to  operate. 

Pulse  generating  circuits  func¬ 
tion  only  when  C.  is  at  zero  volts  or 
positively  charged. 

Waveform 

Figure  3A  shows  the  voltage  de¬ 
veloped  from  the  slider  of  R„  to 
ground.  The  vertical  dashed  lines 
indicate  the  interval  during  which 
the  pulse  generating  circuits  are 
operative.  The  shaded  portion  rep¬ 
resents  the  voltage  added  by  R„  to 
that  of  C,.  Adjustment  of 
designated  as  low  heat,  varies  the 
initial  and  final  heat  level  without 
influencing  any  of  the  timed 
periods  or  the  150-v  level. 

The  grid  of  F,„  in  addition  to  the 
biasing  circuit  described,  contains 
a  pha.se-shifted  full  cycling  voltage. 
This  voltage  is  as  shown  in  Fig. 
3B.  When  no  negative  bias  is  pres¬ 
ent  on  F,„  its  grid  will  be  triggered 
once  each  cycle.  Tubes  V’,o  and  V’„ 
form  an  inverter  circuit  and  F„  is 
normally  conducting. 

When  F,«  is  made  to  conduct,  V'„ 
is  extinguished  and  held  noncon¬ 
ducting  for  a  time  period  deter¬ 
mined  by  C,,  potentiometer  R„  and 
resistor  R,^.  This  period  is  also  in¬ 
fluenced  by  the  voltage  across  po¬ 
tentiometer  in  the  following 
manner.  Before  initiating  conduc¬ 
tion  in  F,..,  capacitor  C,  is  charged 
to  nearly  200  v.  When  F,o  conducts, 
the  resultant  drop  at  the  base  of  C, 
puts  a  negative  voltage  on  the  grid 
of  F,.. 


If  the  time  constant  formed  by 
Ct,  R„  and  R„  is  kept  constant,  the 
period  will  now  depend  on  the  volt¬ 
age  drop  at  the  instant  of  conduc¬ 
tion  of  F„„  This  is  illustrated  in 
Fig.  3C.  This  voltage  drop  is  af¬ 
fected  both  by  the  position  of  the 
slider  of  fj,,  and  the  voltage  devel¬ 
oped  across  Rj„.  This  voltage  across 
R„,  is  determined  by  the  voltage  on 
the  grid  of  cathode  follower  F,. 
This  voltage  is  the  special  wave¬ 
shape  de.scribed  earlier  and  shown 
in  Fig.  3A. 

With  a  low  voltage  on  the  grid 
of  F,,  little  voltage  is  developed 
across  /?„„  the  slider  is  effectively 
at  the  anode  potential  of  F,„  hence 
the  timed  period  is  the  longest. 
With  higher  positive  voltage  on  the 
grid  of  F.  the  slider  point  does  not 
drop  in  voltage  (depending  on  the 
potentiometer  setting)  as  far  and 
the  time  interval  is  shorter. 

Weld  Heat 

Potentiometer  is  termed  weld 
heat  and  seta  the  higher  heat  level. 
It  does  this  by  effectively  varying 
the  amplitude  of  the  trapezoidal 
wave  shown  in  Fig.  3A.  This  varia¬ 
tion  does  not  affect  any  of  the  other 
control  functions  except  for  low 
heat  which  will  change  in  magni¬ 
tude  but  remains  fixed  if  calibrated 
in  percent  of  weld  heat.  Potentiom¬ 
eter  R„  performs  a  function  similar 
to  that  of  Rj,,  and  limits  the  maxi¬ 
mum  advanced  position  of  pul.ses 
for  matching  load  power  factor. 

When  F„  conducts  the  output 
pul.se  is  sufficient  to  overcome  the 
negative  bias  on  the  grid  of  V’„  and 
make  it  conduct.  Tubes  F„  and  F„ 
from  another  inverter  circuit 
where  the  time  period  is  deter¬ 
mined  by  C,  and  R^-  Potentiometer 
R.j  is  fixed  so  that  will  conduct 
a  half-cycle  after  initiation  of  F„. 

Transformer  T,  primary  in  the 
plate  circuit  of  F„  receives  a  volt¬ 
age  pulse  each  time  F„  or  F„  con¬ 
ducts.  The  secondaries  of  T„  plus 
F,  and  F,  control  the  welding  trans¬ 
former  primary  current. 

The  author  acknowledges  the 
contributions  of  E.  Kolm  who  con¬ 
ducted  the  application  evaluation 
pha.se  of  this  development  and 
.1.  R.  Arsenault  who  was  a  co-de¬ 
signer  of  the  equipment.  This  de¬ 
velopment  was  part  of  a  program 
spon.sored  by  the  U.  S.  Navy. 
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Capacitor  discharqo  tMt  Ml  (Uit)  U  •▼aluotod  by  dUcharqinq  capacitor  Ihrouqh 
morcury  switch  into  orqnieter  (riqht).  Meter  at  left  oi  erqmeter  panel  balances  bridqe 
and  Mts  calibration  while  output  indication  meter  is  at  riqht 


FIG.  1— Erqmeter  input  is  bolometer  bridqe  (A)  brouqht  to  balance  by  current  /.  Until 
Fi,  bolometer  inteqrates  input-pulM  power  with  respect  to  time:  thereoiter  element 
cools  exponentially  as  shown  In  (B) 


Ergmeter  Measures 
Bursts  of  Energy 


Bolometer  bridge  converts  input  signal  to  heat  by  integrating  input  power 
with  respect  to  time.  Heat  upsets  the  bridge  balance  and  produces  output 
signal  that  is  amplified  and  applied  to  peak  holding  voltmeter  whose  output 
corresponds  directly  to  energy.  Possible  applications  of  instrument  include 
study  of  switching  losses,  surge  resistance  of  capacitors  and  thyratron  effi¬ 
ciencies  in  pulsed  operation  in  devices  such  as  radar  modulators 


By  LOI  IS  A.  ROSENTHAL 

AflKoolate  Prof^nor  of  Electrical  EnKlneerlng.  Rut*er»  University,  New  Brunswick,  N.  J. 


Engineers  and  physicists  fre¬ 
quently  find  it  necestsary  to 
accurately  measure  the  energy  con¬ 
tent  of  a  pulse.  Such  measurements 
can  now  be  greatly  simplified. 

Designed  primarily  for  evaluat¬ 
ing  the  energy  delivered  by  a  dis¬ 
charging  capacitor'  into  an  electric 
primer,  the  ergmeter  described 
here  can  be  used  w’henever  a  burst 
of  energy  is  to  be  measured. 

The  portable  ergmeter  has  a 
maximum  sensitivity  of  about  100 
ergs  full  scale,  where  100  ergs  cor¬ 


respond  to  10  /xwatts  of  power  flow¬ 
ing  for  a  time  interval  of  one  .sec. 

The  energy-measuring  tech¬ 
niques  of  the  ergmeter  improve 
sensitivity  over  a  thermocouple  or 
a  thermoelectric  converter-integra¬ 
tor  by  about  1,000.  In  addition,  the 
ergmeter  contains  an  energy  cali¬ 
bration  source  for  measuring  ab.so- 
lute  energy  levels. 

The  ergmeter  consists  primarily 
of  a  bolometer  bridge,  an  amplifier, 
a  peak  holding  voltmeter  and  a 
calibrated  energy  source. 


The  first  three  components  indi¬ 
cate  input  energy.  An  adjustable 
energy  .source%  which  is  an  inde¬ 
pendent  circuit  switched  in  for 
calibration  purpo.ses,  delivers  a 
known  amount  of  energy  into  the 
bolometer  bridge. 

Bolometer  Bridge 

The  bolometer  bridge,  the  heart 
of  the  entire  ergmeter,  consists  of 
resistive  arms  R„  and  i?,  and 
bolometer  R,  shown  in  Fig.  lA. 
The  bolometer,  a  type  KP85,  is  a  0.3- 
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mil  tungsten  wire.  0.1-in.  long, 
mounted  in  a  short,  7-pin,  minia¬ 
ture,  evacuated  glass  envelope.  Its 
nominal  cold  resistance  is  slightly 
under  five  ohms  whereas  the  com- 
pari.son  arm  /?,  is  exactly  five 
ohms.  If  a  constant  current  I  is 
supplied  to  the  bridge,  a  bal¬ 
ance  point  is  reached  when  the 
bolometer  increases  its  resistance 
to  five  ohms  from  self  heating. 
Ambient  temperature  changes  or 
external  power  delivered  to  the 
bolometer  produce  deviations  from 
the  balance  point.  Output  voltage 
E,  from  the  bridge  is  directly  pro¬ 
portional  to  the  consequent  change 
in  the  bolometer  resistance  A/?»  and 
the  bridge  voltage.  Temperature 
variations  are  linearly  reflected  in 
the  output  as  a  proportional  volt¬ 
age  AC..  Equations  describing  the 
temperature  increment  0,  cau.sed  by 
energy  burst  into  the  bolometer, 
also  describe  the  output  voltage 
characteristic  Ac,.  When  the  bal¬ 
ancing  current  I  and  its  heating 
effect  place  the  bolometer  at  a 
quiescent  temperature,  the  dynamic 
thermal  equation  for  the  bolometer 
is  given  by 

Cp  de/dl  +  y  e  =  P  (0-  (1) 

Each  term  in  the  equation  is  a 
power  term.  The  constant  Cp  is  the 
heat  capacity  of  the  bolometer  in 
watt-sec/deg  C,  y  is  the  linear  heat 
loss  factor  assuming  heat  lost  is 
directly  proportional  to  6,  and  P 
(t)  is  the  input  power  as  a  func¬ 


tion  of  time.  If  the  thermal  time 
constant  of  the  bolometer  Cp/y  is 
made  large  compared  to  the  dura¬ 
tion  of  the  power  pulse  Pit),  then 
the  second  term  of  the  bolometer 
equation  can  be  ignored  yielding 


Temperature  rise  is  approximately 
directly  proportional  to  the  energy 
in  the  pulse  and  inversely  propor¬ 
tional  to  heat  capacity  for  the  bo¬ 
lometer.  The  thermal  time  constant 
limits  the  accuracy  of  Eq.  2. 

The  output  voltage  Ac,  is  directly 
proportional  to  the  time  integral  of 
the  input  power  pulse.  Increments 
must  be  small  for  the  linearity  to 
be  preserved,  and  second  order  ef¬ 
fects,  such  as  bolometer  resistance 
variations  and  radiation  heat-loss 
nonlinearities,  are  completely 
masked. 

The  temperature  rise  and  the 
consequent  bridge  unbalance  de¬ 
pends  solely  on  the  energy  input. 
After  the  pulse  expires,  the  bo¬ 
lometer  starts  to  cool. 

Figure  IB  indicates  the  bridge 
output  with  time  for  a  rectangular 
input  pulse  of  duration  T,.  At  T,  the 
bolometer  cools  in  accordance  with 

e  *  (3) 

Since  the  bolometer  time  constant 
is  close  to  25,000  fisec,  there  is  suf¬ 
ficient  time  to  measure  the  maxi¬ 
mum  temperature  rise  of  the  bo¬ 
lometer  or  an  equivalent  voltage. 


The  shape  of  the  cooling  curve  is 
independent  of  the  input  signal, 
and  the  integration  action  of  the 
bolometer  is  sufficiently  accurate 
for  input  signals  approaching  20 
percent  of  the  bolometer  time 
constant. 

Calibration 

The  peak  value  of  the  output  sig¬ 
nal  Ac.  is  linearly  related  to  the 
energy  contained  in  the  input  pulse 
providing  bridge  voltage,  ambient 
temperature  and  operating  resist¬ 
ance  are  constant.  If  the  signal  is 
amplified  and  applied  to  a  peak 
holding  voltmeter,  the  peak  value 
can  be  read  on  an  output  meter.  To 
calibrate  the  bolometer  bridge 
and  subsequent  amplifier-indicator 
stages,  an  input  pulse  with  known 
energy  content  is  applied,  and  the 
output  meter  is  calibrated  for  some 
convenient  full  scale  sensitivity. 

A  periodic,  half-sine  wave,  100- 
/isec  pulse,  adjustable  up  to  250 
milliamps  in  peak  value,  is  gener¬ 
ated  by  a  half-sine  wave  pulser”.  If 
the  pulse  is  read  on  an  rms  thermo¬ 
couple  meter,  the  energ>’  contained 
in  a  single  pulse  is  found  where 
the  repetition  rate  and  the  resist¬ 
ance,  into  which  the  pulse  is  dis¬ 
sipated,  are  known*.  The  ergmeter 
input  resistance  is  10  ohms.  Since 
60  pps  are  generated  for  calibra¬ 
tion  purposes,  the  energy  per  pulse 
is  E  =  t,„.*  RT  10’  ergs  or  E  = 
irm.*  10*  1/60  ergs  where  t,„.  is  the 
pulse  current  measured  by  using 
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a  thermocouple  type  meter. 

Thus,  to  calibrate  the  ergrmeter, 
repetetive  pulses  are  generated  and 
measured.  Then  a  single  pul.se, 
identical  to  the  repetitive  pulse,  is 
applied  to  the  ergmeter  input. 

The  sensitivity  of  the  instru¬ 
ment  can  be  set  and  several  points 
calibrated  for  a  smooth  curve.  The 
resistance  selected  determines  the 
attenuator  design  and  the  calibra¬ 
tion  accuracy. 

Circuit  Details 

The  bridge,  amplifier,  peak-hold¬ 
ing  voltmeter  and  60  pps  half-sine 
wave  calibration  circuits  are  shown 
in  the  schematic  of  Fig.  2. 

Resistance  R,  in  series  with  the 
entire  bridge  brings  the  input  re¬ 
sistance  up  to  exactly  10  ohms. 
Three  triode  stages  with  a  gain  of 
about  20,000  amplify  the  bridge 
output  signal  up  to  a  level  of  about 
40  v  for  the  peak-holding  voltmeter. 
Feedback  in  the  amplifier  provides 
sufficient  stability. 

The  amplifier  is  followed  by 
a  conventional  peak-holding  volt¬ 
meter.  The  storage  capacitor  C,  in 
the  peak-holding  voltmeter  is 
charged  through  a  resistor  R,  so 
that  spurious  pulses  do  not  confuse 
the  integration.  Resistor  R,  delays 
the  peak  reading  so  that  only  the 
slow  cooling  curve  is  measured. 

A  bridge  vtvm  provides  the  out¬ 
put  indication.  Since  potentiometer 
Rj  is  in  series  with  the  output 
meter  the  sensitivity  can  be  set 
conveniently.  The  vtvm  has  a  zero- 
.set  control  and  the  indicator  meter 
is  a  O-lOO^a  movement.  A  low  re¬ 
sistance  200  fia  meter  can  balance 
the  bridge  as  a  null  detector,  meas- 


FIG.  3 — Holi-ain*  wart  pulcer  iniecte  en* 
tiqy  bursts  ior  calibration.  Nonlinearity 
at  low  end  oi  scale  is  caused  by  peak- 
holding  Tolbneter  diode 


ure  the  bridge  voltage  at  bal¬ 
ance  as  a  millivoltmeter  and  meas¬ 
ure  the  pulser  rms  current  when 
properly  calibrated  with  the  ther¬ 
moelectric  converter. 

To  change  the  range  of  the 
instrument,  con.stant-impedance  10- 
ohm  ladder  attenuator  sections  can 
be  installed  at  the  input,  as  ex¬ 
ternal  plug-in  units.  The  ten-ohm 
input  resistance  was  a  convenient 
value  for  ordnance  primer  studies. 

After  the  internal  source  is  cali¬ 
brated,  or  the  energry  content  of  the 
pulse,  for  any  rms-current  level,  is 
made  available  as  some  curve,  the 
bridge  is  balanced  by  increasing 
the  bridge  current  and  obtaining 
a  bridge  null.  The  bridge  volt¬ 
meter  reading  is  recorded  for  fu¬ 
ture  reference.  The  bridge  is  now 
.set  up  and  disconnected  from  all 
meters  by  throwing  the  bridge 
switch  to  input  calibrate. 

The  voltmeter  section  of  the  erg- 
meter  is  set  to  zero  by  discharging 
the  storage  capacitor  with  S,  and 
balancing  the  bridge  voltmeter 
with  SET  ZERO  potentiometer  R,. 
The  calibrator  switch  is  now 
thrown  to  calibrate  and  the  half¬ 
sine  wave  pulser  operates  in  a  re¬ 
petitive  mode  indicating  an  rms 
output  current  level  on  the  200  /^a 
meter.  The  energy /burst  for  each 
pulse  is  found  from  the  calibration 
curve.  The  adjustment  for  the  en¬ 
ergy/pulse  level  provides  for  an  as¬ 
sortment  of  calibration  points. 

When  the  calibrating  switch  is 
thrown  to  SINGLE  SHOT,  then  de- 
pre.saion  of  the  SINGLE  SHOT  OPERA¬ 
TION  switch  S,  discharges  the  pulse 
into  the  ergmeter  proper,  and  an 
output  reading  is  obtained.  The 
sensitivity  control  sets  the  arbi¬ 
trary  output  .scale  of  0-100  for  a 
convenient  full  scale  sensitivity  of 
.100  to  600  ergs.  Basically,  the  sen¬ 
sitivity  can  be  increased  by  about 
100  ergs  full  .scale  with  some  .sacri¬ 
fice  in  .stability.  Other  p<jints  can 
be  calibrated  in  a  similar  manner. 

A  typical  calibration  curve  for  a 
convenient  setting  of  500  ergs  full 
scale  is  shown  in  Fig.  3.  Below  150 
ergs  the  charging  diode  in  the  peak 
holding  voltmeter  causes  some  non¬ 
linearity. 

If,  for  example,  the  ergmeter 
range  is  to  be  extended  to  5,000 
ergs,  a  simple,  resistive  ladder  at¬ 
tenuator  is  plugged  in  at  the  input 


before  the  bridge.  The  attenuator 
is  designed  to  attenuate  all  input 
voltages  by  l/\/10-  The  resistive 
pad  across  the  input  disturbs  the 
bridge  balance  and  the  bridge  cur¬ 
rent  must  be  increased  to  restore 
bridge  voltage  to  the  previous 
value.  At  a  constant  impedance  of 
10  ohms,  the  basic  scale  can  be  ex¬ 
tended  by  a  factor  of  10°  with  no 
difficulty. 

Applications  and  Results 

The  ergmeter  was  u.sed  primarily 
for  the  evaluation  of  capacitor- 
discharge  firing  sets.  A  typical  set 
consists  of  a  precision  capacitor, 
which  can  be  charged  up  to  a 
known  voltage  and  then  discharged 
through  a  mercury  switch  into  the 
load.  The  theoretical  energy  stored 
and  discharged  in  5CV’  ergs,  where 
C  is  in  microfarads  and  V  is  in 
volts. 

For  firing  an  electric  primer,  the 
capacitor  is  discharged  directly 
into  the  primer.  The  ergmeter 
measures  the  energy  available  into 
a  10-ohm  resistor,  which  replaces 
the  primer.  Thus,  an  efficiency  can 
be  ascribed  to  the  capacitor-dis¬ 
charge  .set. 

As  an  example,  the  curve  of  Fig. 

3  was  obtained  by  discharging  a 
0.1-/zf  capacitor  into  the  ergmeter 
with  the  voltage  varied  between  18 
and  30  v.  The  scale  reading  with 
reference  to  the  basic  calibration 
curve  for  the  ergmeter  can  be  in¬ 
terpreted  as  an  energy.  The  effi¬ 
ciency  can  be  computed  for  this 
discharge,  and  it  is  a  function  of 
the  capacitor  surge  resistance  and 
the  mercury  switch  losses. 

For  these  tests,  discharge  effi¬ 
ciency  is  about  80  to  90  percent  for 
well  designed  circuits.  A  poor  mer¬ 
cury  switch  and  excessive  cable 
length  reduce  it  to  50  percent. 

Thanks  are  due  to  Mr.  I.  Kabik 
and  W.  Schaal.  This  work  was 
sponsored  by  the  U.  S.  Naval  Ord¬ 
nance  Laboratories,  under  contract 
NORD  15005. 
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Four  Ways  To  Simulate 

Delayed  pulses  gated  to  simulate  azimuth,  elevation  and  range  produce  real¬ 
istic  target  patterns  on  radar  indicator.  Course  generator  simulates  target 
speeds  up  to  2.400  knots.  Side  effects,  including  sea  and  land  clutter  are  also 
generated  and  add  to  realism  of  presentation  used  to  train  radar  operators 


By  J.  I.  LESKINEN 

Heart,  Electronics  Simulators  Branch.  I'.  S.  Naval  Tralnlnit  Device  Center,  Port  Washington,  New  Y<irk 


Training  personnel  to  correctly 
read  and  interpret  radar  dis¬ 
play  information  is  costly  in  both 
time  and  money  if  live  aircraft  or 
surface  targets  are  u.sed.  Radar 
targets  can  be  generated  synthet¬ 
ically,  however,  which  produce  a 
realistic  pattern  on  the  indicator. 
A  pulse,  delayed  in  time  with  refer¬ 
ence  to  a  trigger  pulse,  will  simu¬ 
late  target  range.  Azimuth  and 
elevation  can  be  simulated  by  gating 
the  target  pulse  so  that  it  appears 
only  at  a  particular  spot  on  the  in¬ 
dicator.  Four  methods  of  radar 
simulation,  varying  in  complexity 
and  versatility,  are  described  with 
detailed  explanations  of  important 
circuitry. 

The  radar  presentation  most 
commonly  u.sed  for  display  of  tar¬ 
gets  is  a  plan  position  indicator. 
Target,  size  and  proximity  to  the 
radar  antenna,  appear  as  an  illumi¬ 
nated  arc  on  the  face  of  the  indi¬ 
cator.  Polar  position  of  the  target 
is  read  from  the  indicator  as  range 
and  bearing.  A  separate  radar  scans 
angles  above  or  below  a  plane  tan¬ 
gential  to  the  earth  to  obtain  eleva¬ 
tion  data.  Azimuthal  position  data 
obtained  from  this  range-height  in¬ 
dicator  is  correlated  with  the  plan 
position  indicator  sweep  line  or 
other  reference. 

Two  Dimensions 

Figure  1  shows  a  two  dimensional 
radar-target  simulator  for  u.se  with 
a  radar  repeater  .scope.  A  course 
generator,  described  later  in  the 
article,  turns  the  shafts  of  the  X 
and  Y  potentiometers  in  accordance 
with  the  X  and  Y  rates  of  target 


motion.  The  potentiometers  are  en¬ 
ergized  with  a  balanced  a-c  voltage 
from  a  generator.  The  arms  of  the 
potentiometers  deliver  two  identi¬ 
cally  phased  a-c  voltages  to  a  quad¬ 
rature  addition  circuit.  Amplitude 
of  the  voltages  is  proportional  re¬ 
spectively  to  the  X  and  Y  compo¬ 
nents  of  the  target’s  position. 

The  X  and  Y  voltages  are  com¬ 
bined  in  the  quadrature  circuit 
which  adds  them  as  if  they  differed 
in  phase  by  90  deg.  The  resultant 
voltage,  called  target  a-c,  has  amp¬ 
litude  proportional  to  target  range 
and  pha.se  which  indicates  target 
azimuth. 


Target  a-c  is  amplified,  detected 
and  filtered  to  obtain  a  target  d-c 
pulse.  The  pulse  is  delayed  with 
reference  to  a  periodic  trigger  pulse 
to  indicate  range.  A  gating  circuit 
limits  appearance  of  the  time  de¬ 
layed  range  pip  to  the  correct  azi¬ 
muth.  Target  position  and  antenna 
position  control  the  gating  action. 

An  electromechanical  phase 
shifter  coupled  to  the  antenna  shaft 
relates  instantaneous  position  of 
the  antenna  beam  to  target  position. 
Input  to  the  pha.se  shifter  is  an  a-c 
signal  from  the  same  signal  gen¬ 
erator  that  drives  the  X  and  Y  po¬ 
tentiometers.  Output  of  the  phase 
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FIG.  1 — Two  dimensional  radar  target  simulator  supplies  target  pip  to  radar  indicator 
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Course  generator  settings  on  simulator 
front  panel  determine  target  motion  ^ 


Radar  target  simulator  produces  reolistic 
pattern  on  operational  radar  indicator 
without  using  expensive  live  oircroft  or 
surface  targets 
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shifter  is  a  constant  amplitude  a-c 
wave  with  the  same  frequency  as 
the  target  a-c,  but  travelinj?  in 
phase  as  the  antenna  rotates.  The 
azimuth  coincidence  circuit  com¬ 
pares  the  phase  of  target  a-c  and 
antenna  a-c. 

Azimuth  Coincidence  and  Gate 

The  two  siffnals,  one  representing 
the  anKular  position  of  the  target 
and  the  other  angular  position  of 
the  radar  antenna,  are  fed  to  the 
azimuth  coincidence  circuit  shown 
in  Fig.  1.  When  the  signals  coincide 
in  time,  indicating  that  the  radar 
antenna  is  pointing  toward  the  tar¬ 
get,  the  delayed,  pulses  repre.senting 
a  target  are  permitted  to  pass 
through  the  azimuth  gating  circuit 
to  the  radar  plan  position  indicator. 

Pentodes  V,  and  F,  have  a  com¬ 
mon  plate  load  resi.stor,  R,  and  are 
both  normally  conducting,  with  a 
resulting  plate  voltage  of  about  10 
V.  The  negative  gate  repre.sent¬ 
ing  the  target  position  cuts  off  V,. 
The  positive  gate  representing  the 
antenna  position  is  inverted  by 
triode  \\  and  u.sed  to  cut  off  V’,. 
The  10-v  plate  voltage  of  V,  and  V, 
rises  to  about  35  v  when  either  tube 
is  cut  off,  giving  a  pulse  of  about  25  v 
on  the  grid  of  V,.  This  pulse  has  no 
effect  on  V.,  because  it  is  biased  50-v 
negative.  W^hen  both  V,  and  V,  are 
cut  off,  their  plate  voltage  rises  to 
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FIG.  2— Simulator  does  not  require  any  operational  radar  equipment.  Antenna  signal 
is  obtained  from  phase  shifter  and  sweep  amplitude  potentiometer 


150  V  producing  a  large  positive 
pulse  that  is  detected  by  V,  and 
filtered  by  the  R-C  combination  C,, 
C„  R^,  and  R.. 

Output  voltage  of  V„  which  is 
grid  bias  for  V,^  the  azimuth  gating 
triode,  is  changed  from  negative 
100  V  to  about  negative  25  v  when 
the  radar  antenna  is  pointing  at  the 
target.  The  delayed  target  range 
pulses  are  fed  through  C.  to  the 
grid  of  When  the  bias  on  V,  is 
negative  100  v,  amplitude  of  the 


target  range  pulses  fed  through 
C,  is  not  high  enough  to  cause  con¬ 
duction.  When  the  bias  is  reduced 
to  25  V,  the  target  pulses  pass 
through  V,  and  on  to  the  indicator. 

Changing  the  width  of  the  an¬ 
tenna  pulse  varies  the  length  of 
time  the  azimuth  gate  remains 
open.  With  the  correct  pulse  dura¬ 
tion,  azimuth  width  can  be  made  to 
agree  with  the  antenna  beam  of  any 
specific  radar.  Varying  range  pulse 
duration  produces  a  realistic  radar 


target  appearance  on  the  indicator. 

The  azimuth  gating  circuit  pre¬ 
sents  a  signal  to  the  radar  indicator 
which  causes  a  target  to  subtend  a 
constant  angle  from  maximum  to 
minimum  range.  This  unrealistic 
characteri.stic  can  be  improved  with 
circuit  modifications. 

Spiral  Sweep  Simulator 

A  less  expensive  type  of  simu¬ 
lator,  which  does  not  require  radar 
operational  equipment,  is  shown  in 
Fig.  2.  The  target  signal  is  gen¬ 
erated  in  much  the  same  manner  as 
the  simulator  just  de.scribed.  The 
antenna  signal  is  obtained  from  a 
phase  shifter  and  sweep  amplitude 
potentiometer  which  provide  a 
spiral  sweep  for  the  target  on  an 
oscillo.scope. 

Range  of  the  target  is  indicated 
by  gating  the  target  to  the  correct 
radius  of  the  spiral  .sweep.  Azimuth 
is  indicated  by  another  gate  which 
limits  target  appearance  to  the  cor¬ 
rect  angle  on  this  spiral  .sweep. 

A  course  generator  turns  the 
shafts  of  the  X  and  Y  potentiom¬ 
eters  in  accordance  with  the  X  and 
Y  rates  of  target  motion.  A  low- 
impedance  .IfiO-cps  sine-wave  gen¬ 
erator  feeds  the  potentiometers. 
Output  from  the  potentiometers  is 
fed  to  a  quadrature  amplifier  V, 
and  detector  network  V„. 

The  d-c  voltage  out  of  the  filter 
L„  C„  and  C.  is  applied  to  the  grid 
of  cathode  follower  Vu.  A  one-cps 
saw-tooth  waveform  generated  by 
the  motor  driven  range  potentiom¬ 
eter  is  applied  to  the  plate  of  V,^. 
Output  from  the  cathode  of  sup¬ 
plies  the  grid  of  V,,.  Since  the 
range  potentiometer  is  ganged  to 
the  sweep  amplitude  potentiometer, 
its  instantaneous  voltage  represents 
sweep  distance  from  the  center  of 
the  cathode-ray  tube. 

A  common  cathode  resistor  R, 
for  both  VtA  and  V„  makes  the 
cathode  potential  of  V,*  propor¬ 
tional  to  the  range  voltage  from  the 
X  and  Y  potentiometers.  Amplifier 
V,t  is  cut  off  until  its  grid  becomes 
positive  enough  to  overcome  the 
cathode  bias  developed  by  the  range 
voltage.  Plate  voltage  of  amplifier 
V„,  which  is  normally  high,  quickly 
drops  to  a  low  value  when  the  tube 
conducts.  The  cutoff  action  of  Vm 
provided  by  the  range  potentiometer 
gates  the  range  voltage  to  the  cor- 
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FIG.  4- -Target  potition  relatWe  to  moTing 
own  ship  poaition  can  be  obtained  from 
thia  arctan  computer  circuit 


rect  radius  of  the  .spiral  sweep. 

Tuite  r,,  conducts  for  a  period 
etjual  to  one  cycle  of  the  a-c  signal 
generator  frequency.  This  period 
corresponds  to  S60  deg  of  sweep 
and  permits  the  target  to  traverse 
the  circle  at  nearly  the  same  range. 

The  negative  going  pul.se  from 
V’,,  is  coupled  through  C,  to  the 
range  gate  generator,  a  monostable 
multivibrator,  which  produces  a 
.■l,000-//.sec  pulse.  The  pulse  is  taken 
from  cathode  resistor  and  coupled 
through  C.  to  the  suppres.sor  grid  of 
r„  the  gating  tube.  It  is  positive 
enough  to  overcome  suppressor  grid 
bias  on  V„  and  allow’  the  tube  to 
conduct  when  a  signal  is  applied  to 
the  control  grid. 

The  pha.se-shifted  sum  of  the  X- 
and  Y-potentiometer  voltages  is  also 
coupled  to  the  azimuth  pip  gen¬ 
erator,  compri.sed  of  amplifier  Y,,, 
limiter  T.  and  monostable  cathode 
coupled  multivibrator  V-,.  Width  of 
the  multivibrator  pulse,  controlled 
by  R„  corresponds  to  antenna  beam 
width,  and  determines  the  length  of 
the  arc  appearing  on  the  indicator. 
Since  the  voltages  for  the  X  and  Y 
ladentiometers  are  added  in  quadra¬ 
ture,  the  pulse  occurs  at  a  time 
which  represents  target  azimuth. 

Although  a  pulse  is  generated  for 
each  of  the  3.50  sine  w'aves  which 
make  up  one  revolution  of  the  spiral 
scope  sweep,  suppressor  grid  bias 
on  V,  permits  only  one  pulse  to  be 
displayed  for  each  complete  spiral 
sweep.  The  output  of  V,  is  coupled 


through  Cj  to  cathode  follow’er 
and  then  to  the  crt  cathode. 

The  P7  phosphor  of  the  indicator 
tube  helps  to  minimize  target 
flicker.  Range  .scale  is  arbitrary 
and  assigned  on  the  basis  of  target 
speed.  The  sweep  value  for  the 
simulator  is  .selected  to  reduce  or 
eliminate  target  flicker. 

Three  Dimensional  Simulator 

A  three  dimensional  radar  target 
generator,  for  use  with  ppi  and  rhi 
.scopes  is  shown  in  Fig.  3.  Zero  time 
reference  for  the  ppi  and  rhi  scopes 
and  circuits  of  the  radar  simulator 
is  supplied  by  a  trigger  generator. 
The  course  generator  provides  volt¬ 
ages  proportional  to  target  co¬ 
ordinates  X,  Y,  and  Z.  A  trans¬ 
formation  computer  resolves  the  X, 
Y,  and  Z,  coordinates  into  polar 
coordinates  R,  ff,  and  E.  Range 
voltage  from  the  computer  is  com¬ 
pared  with  a  linear  .saw  tooth  to 
obtain  a  time  delay  proportional  to 
the  range  of  the  target. 

At  the  comparison  time,  a  voltage 
pulse  appears  as  the  target  and  oc¬ 
curs  once  for  each  timing  pulse.  A 
gate  displays  the  target  when  the 
radar  antenna  simulator  is  at  the 
.same  azimuth  as  the  target.  This 
gate  allows  targets  within  an  angle 
of  0.5  deg  to  4  deg  of  the  antenna 
to  appear  on  the  ppi  scope.  This 
represents  antenna  beam  width  of 
1.5  deg  to  8  deg.  Pulses  or  targets 
w’hich  have  been  gated  by  the 
azimuth  gate  circuit  are  regated  by 
the  elevation  gate  circuit  at  the  cor¬ 
rect  elevation  angle  for  presenta¬ 
tion  on  the  rhi  scope. 

Elevation  Scan  Simulator 

The  elevation  scan  circuit  pro¬ 
vides  selection  of  an  11-deg  or  22- 
deg  nodding  sector  which  can  be 
adjusted  to  any  portion  of  0  to  90 
deg  of  elevation  angle.  The  simu¬ 
lator  also  provides  a  sine  and  cosine 
d-c  voltage  of  its  instantaneous 
elevation  angle  for  driving  the  rhi 
.scope. 

The  elevation  scan  simulator  con¬ 
sists  of  a  free  running  multivi¬ 
brator  V„  with  an  adjustment  R,  to 
control  the  vertical  .scan  rate.  The 
multivibrator  output  drives  a  saw¬ 
tooth  generator  V,t.  Capacitor  C,, 
charged  through  resistors  R.  and 
produces  a  constant-height  saw¬ 
tooth  at  different  frequencies  of 
multivibrator  V,.  Phase  splitter  V„ 


produces  both  positive  slope  and 
negative  slope  saw-tooth  waves.  The 
nod  position  dual  potentiometer  is 
connected  so  that  one  part  pro¬ 
duces  an  increasing  voltage  for  a 
clockwise  rotation  and  the  other  a 
decreasing  voltage.  The  saw’-tooth 
is  added  to  the  increasing  voltage 
and  subtracted  from  the  decreasing 
voltage.  The  increasing  voltage  is 
proportional  to  the  in.stantaneous 
antenna  angle  and  the  decreasing 
voltage  is  proportional  to  the  com¬ 
plement  of  the  instantaneous  an¬ 
tenna  angle. 

Two  voltages  are  fed  to  cathode 
followers  V,  and  Vy.  The  linear  out¬ 
put  from  the  cathode  followers  feeds 
sine  and  cosine  function  generators 
made  up  of  diode-resistor  networks. 
Cathode  follower  V,  drives  the 
elevation  gate  coincidence  circuits 
of  each  height  target.  The  output 
cathode  followers  V»  and  V,  are 
scaled  to  produce  the  proper  voltage 
for  the  angle.  The  diodes  in  the 
function  generators  conduct  when 
the  input  voltage  exceeds  the  volt¬ 
age  of  the  divider  connected  to 
them.  The  input  is  loaded  by  the 
.series  resistor  of  each  diode  circuit. 
Six  diodes  produce  a  sine  wave  from 
a  linear  function  that  is  within  0.5 
percent  of  an  actual  sine  wave. 

Transformation  Computer 

The  transformation  computer 
shown  in  Fig.  4  resolves  the  target 
position  identified  by  rectangular 
coordinates  X.  Y,  and  Z  into  polar 
or  radar  coordinates  R,  d,  and  E.  It 
makes  the  change  by  solving  right 
triangles.  Inputs  to  the  transforma¬ 
tion  computer  are  voltages  from 
readout  potentiometers  on  the 
course  generator.  Target  position 
relative  to  a  moving  own  ship  may 
be  obtained  by  introducing  the 
own  ship  components  of  position. 
A  differential  may  be  introduced 
at  the  junction  between  the  speed 
component  shaft  output  and  the 
potentiometer,  or  a  voltage  sum¬ 
ming  circuit  may  be  used  at  the 
input  to  the  arc-tangent  computer. 

The  complete  three  dimensional 
.solution  requires  tw’o  computers. 
One  solves  for  azimuth;  the  other 
for  elevation.  The  elevation  com¬ 
puter  provides  slant  range  output 
also  in  the  form  of  a  400-cps  volt¬ 
age.  Booster  amplifiers  are  the  key 
to  the  solution.  They  have  a  high 
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FIG.  5 — Thrw*  dimensional  radar  tarqet  simulator  uses  a  resolver  to  supply  X.  Y  and  Z 
potentiometers.  Signal  ior  ppi  is  modulated  at  height  scan  rate 


input  impedance,  low  output  im¬ 
pedance  and  a  high  loop  gain. 

Course  Generator 

An  important  component  of  a 
radar  target  simulator  is  a  course 
generator  to  obtain  target  motion. 
Basically  it  is  made  up  of  an  in¬ 
tegrator  which  accepts  an  input 
rate  and  supplies  an  output  equal 
to  the  time  integral  of  the  input 
plus  the  output  it  had  before  the 
rate  was  instigated,  which  is  the 
constant  of  integration. 

The  electromechanical  target 
course  generator  simulates  target 
speeds  up  to  2,400  knots.  It  has  a 
servo  that  operates  at  400  cps  and, 
through  a  gear  reduction,  drives  a 
ten-turn  potentiometer  having  a 
linearity  of  0.1  percent  for  X  and 
Y  positions,  and  a  single  turn 
potentiometer  having  0.5  percent 
linearity  for  height. 

Mechanical  scaling  of  the  integra¬ 
tion  follows  the  best  gear  ratio  to 
obtain  a  desired  maximum  rate  on 
the  output  shaft  so  the  motor  will 
be  running  at  a  maximum  speed  of 
60  percent  synchronous.  This  gives 
the  best  linearity  to  the  system. 
Rate  input  speed  can  be  double  its 
assigned  value  and  more,  before 
power  requirements  of  the  servo 
become  an  important  factor.  In 
this  specific  application,  the  climb¬ 
dive  rate  has  a  gear  ratio  of  over 
20,000  to  1,  and  the  X  and  Y  integra¬ 
tors  have  a  gear  ratio  of  12,500  to 
1.  Stall  torque  of  the  motor  is  0.25 
in.-oz  and  regulation  torque  0.1 
in.-oz.  For  regulation  alone,  over 
1,000  in.-oz  of  torque  exist  on  the 
output  shaft  allowing  for  a  re¬ 
latively  poor  gear  efficiency.  Out¬ 
put  torque  available  is  more  than 


sufficient  by  several  magnitudes. 
Thus,  the  speed  characteristic  of  the 
course  generator  definitely  is  not 
limited  by  servo  power. 

Another  method  of  obtaining  a 
three-dimension  radar  target  is 
shown  in  Fig.  5.  The  excitation 
voltages  to  the  X  and  Y  potentiom¬ 
eters  are  obtained  from  a  resolver. 
The  Z  potentiometer  gets  its  voltage 
from  the  reference  source  which 
excites  the  resolver.  The  ground 
range  voltage  is  added  in  quadra¬ 
ture  with  height  voltage.  This 
signal  is  peak  detected  as  a  slant- 
range  voltage  when  compared  with 
a  range  .sweep  voltage.  The  signal 
is  amplified  and  peaked  to  form  a 
video  pulse. 

Since  the  bearing  null  becomes 
sharper  with  increa.sed  X  and  Y 
voltage,  width  of  the  azimuth  gate 
diminishes  as  target  range  in¬ 
creases.  This  effect  is  more  realistic 
than  that  obtained  by  gating  the 
target  with  a  signal  having  a  con¬ 
stant  angle  with  range.  Output  of 
this  simulator  is  fed  to  either  a 
ppi  or  rhi  scope.  If  fed  as  shown, 
the  ppi  video  signal  is  modulated  at 
the  height  .scan  rate.  A  complete 
three-dimensional  system  therefore 
requires  two  such  units  with  ganged 
pots  fed  from  a  course  and  speed 
plus  climb  and  dive  generator. 

Adding  Realism 

Radar  target  simulators  des¬ 
cribed  so  far  have  had  no  side 
effects  added  to  produce  greater 
realism.  Sea  or  land  clutter  is  a 
random  reflection  of  the  radar  wave 
bounced  back  to  the  antenna  from 
ocean  waves  or  from  the  uneven 
terrain  of  the  earth.  A  thyratron 
noise  generator  followed  by  a  video 


amplifier  will  simulate  this  effect. 
Varying  amplitude,  range,  and 
slope  will  simulate  clutter  for  vari¬ 
ous  operational  conditions. 

It  should  also  be  possible  to  in¬ 
sert  a  delay  equivalent  to  aircraft 
height  to  display  an  altitude  circle 
on  the  ppi  indicator.  The  circle  will 
change  size  with  each  range  scale 
of  the  radar,  appearing  large  on  the 
short  range  setting. 

A  modulator  inserted  in  the  video 
lead  of  each  target  will  simulate 
target  fading.  An  aperiodic  low- 
frequency  oscillator  will  provide 
random  fading.  As  target  range 
increases,  an  automatic  attenuator 
to  diminish  the  target  amplitude 
will  make  detection  mure  difficult. 

Beacon  radar  replies  simulate  a 
landmark  or  shipborne  reference 
point.  A  beacon  enables  a  radar- 
equipped  plane  to  find  its  way  back 
to  its  .starting  point  or  other  loca¬ 
tion  when  landmarks  are  not  avail¬ 
able  for  radar  pickup.  Beacons  are 
effective  to  maximum  radar  range. 

A  simulated  radar  target  return 
is  used  as  the  beacon  location.  The 
pul.se  is  gated  to  trigger  a  beacon 
reply.  The  reply  appears  as  a  single 
pulse  or  a  train  of  pulses  having  a 
short  delay  with  reference  to  the 
target  pul.se.  Amplitude  control  and 
spacing  of  the  pulse  gives  a  high 
degree  of  realism.  Azimuth  width 
of  the  reply  is  usually  the  same  as 
receiving  antenna  beam  width  and 
can  be  gated  in  the  .same  manner  as 
the  simulated  radar  return. 

Land  mass  adds  further  reali.sm 
to  a  radar  picture.  A  film  tran.s- 
parency  mounted  on  an  east-west, 
north-south  carriage  is  scanned  by 
a  flying  spot  scanner.  For  a  fixed 
radar  range,  own  ship  motion  is 
shown  by  varying  the  X  and  Y  pf)- 
sition  of  the  film.  Moving  radar 
targets  must  also  move  relative  to 
the  own  ship  to  create  realistic  ef¬ 
fects  which  are  shown  in  a  plot. 

Instead  of  using  a  film,  a  more 
realistic  display  is  obtained  by 
scanning  a  relief  map  under  water 
with  an  uItra.sonic  transducer.  Po¬ 
sitioning  the  scanner  can  be  in  X 
and  Y  while  Z  gives  the  effect  of 
radar  shadow  as  a  function  of 
elevation.  A  signal  beamed  from 
the  transducer  is  reflected  back  to 
it  from  the  submerged  map.  The 
ultrasonic  signal  travels  at  1/200,- 
000  the  speed  of  radio  waves. 


86 


June  6,  1958  —  ELECTRONICS  engineering  edition 


Construction  of  the  diiierential  Toltmeter  is  straightforward. 
Resistors  can  be  the  plain  carbon  type.  Matching  is  not  re¬ 
quired  because  operation  is  negligibly  affected  by  changes 


Zero  adjustment  of  differential  Toltmeter  containing  two  infinite 
Input  d-c  amplifiers  is  made  from  front  panel.  Calibration  is 
not  needed  since  amplifier  gains  are  within  O.OOOS  percent  of  unity 


D-C  Amplifier  Expands 
Input  Voltage  Range 


Infinite  input  impedance  is  obtained  in  a  flirect-coiipled  d-c  amplifier  by 
«*ontiniioiisly  and  aiitomaticaliy  feeding  back  a  bucking  voltage  to  the  input 
which  is  efpial  to  the  signal  voltage.  Input  voltage  can  vary  over  wide  range 
and  is  flependent  only  on  magnitiule  limitations  of  bucking  voltage.  Grid 
current  is  reducetl  to  zero  by  balancing  positive  and  negative  currents.  Be¬ 
cause  amplifier  detects  and  responfls  linearly  to  small  voltage  changes  at  high 
in|uit  levels,  it  is  ifleal  for  analog  computer  and  voltmeter  applications 


Linfleld,  Pa. 


The  amplifier  de.scribed  here  is 
desif^ned  to  hold  the  grid  bias  and 
current  and  the  plate  voltage  and 
current  of  the  input  tube  con- 
.stant  as  the  signal  voltage  varies 
throughout  the  design  range.  Since 
grid  bias  can  not  change  with  vari¬ 
ations  in  signal,  the  input  for  any 
signal  level  is  seen  by  the  input 
tube  as  a  zero  voltage. 


and  infinte  input  impedance — are 
especially  desirable  in  certain  ana¬ 
log  computer  applications  where 
signal  voltages  represent  consider¬ 
able  e.xtremes  of  magnitude  and 
originate  in  sources  of  low-energ>' 
content.  By  using  input  signals  ten 
or  more  times  those  ordinarily 
u.sed,  the  relative  drift  and  effects 
of  line-voltage  fluctuations  are  re¬ 
duced  proportionately.  In  some 
cases,  this  property  eliminates  the 
need  for  drift  compensating  devices. 

When  used  in  vacuum-tube  volt- 


SIGNAL  VOLTAGES  are  held  to 
relatively  low  levels  in  conven¬ 
tional  d-c  amplifiers  becau.se  of  lim¬ 
ited  input  voltage  range.  Where 
precision  is  paramount,  the  range 
is  further  restricted  by  the  non¬ 
linearity  caused  when  output  tube 
parameters  depart  fr*)m  the  quies¬ 
cent  operating  point.  Also,  when 
largo  signals  originating  in  a 
source  of  low-energy  content  are 
used,  the  signal  level  must  be  re¬ 
duced  to  within  the  working  range 
of  the  amplifier. 


Advantages  of  Amplifier 

Two  characteristics  of  the  ampli¬ 
fier — infinite  input  voltage  range 
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(A)  (B) 


FIG.  1 — ETolution  oi  iniinite  input  impedanc*  d-c  amplilinr.  Cathod*-to-plale  roltaqe  in 
slidebock  Toltmetnr  (A)  is  h«ld  constant  by  physically  adjusting  potsntiomoter  R:.  In  tho 
compUtoly  automatic  racuum-tube  circuit  (B).  tho  cathodo-to-plate  voitago  oi  tub*  Vi  is 
continuously  maintained  at  a  constant  IotoI  by  ieedback  irom  tubes  V>  and  Vt 


meter  circuits  or  the  like,  input 
range  dividers  can  be  eliminated 
entirely  and  range  resistors  placed 
at  the  output.  This  technique  gives 
higher  input  impedance.  Another 
advantage  is  that  relatively  low¬ 
valued  resistors  can  be  used  re¬ 
sulting  in  an  appreciable  reduction 
of  cost. 

Conventional  Limitations 

In  conventional  plate  or  cathode 
loaded  d-c  amplifiers,  a  signal  volt¬ 
age  variation  cau.ses  a  correspond¬ 
ing  variation  of  grid  bias  which 
changes  the  plate  voltage  and  cur¬ 
rent.  With  100-percent  negative- 
feedback  amplifiers,  signal  voltage 
variations  result  in  corresponding 
variations  of  grid  bias  and  changes 
in  plate  voltage  of  the  input  tube; 
however,  the  plate  current  remains 
constant. 

In  either  of  the.se  amplifiers,  sig¬ 
nal  voltage  variation  changes  grid 
bias  which  varies  the  amount  of 
grid  current  drawn.  Grid  current 
can,  therefore,  be  different  for  any 
voltage  in  the  input  range.  For  cer¬ 
tain  applications,  grid  current  be¬ 
comes  undesirably  large.  Special 
tubes  can  be  u.sed  to  alleviate  this 
condition  but  grid  current  is  not 
completely  eliminated. 

A  change  in  any  or  all  of  the 
input  tube  parameters  cau.ses  the 
quiescent  operating  point  to  move 
toward  the  region  of  plate  bot¬ 
toming,  or,  toward  the  low  plate 
current  region  brought  about  by 
grid  cut  off.  For  this  reason,  both 
input  voltage  range  and  input  im¬ 
pedance  are  finite.  Precise  opera¬ 
tion  of  conventional  amplifiers  re¬ 
quires  that  the  input  voltage  range 
l)e  kept  small. 


A  .small  negative  grid  current, 
generated  by  attraction  of  positive 
ions,  and  a  comparatively  large 
positive  grid  current,  generated  by 
impinging  of  electrons,  coexist  in 
all  vacuum  tubes.  By  biasing  the 
grid  to  the  point  where  the  nega¬ 
tive  grid  current  becomes  as  great 
as  the  positive  grid  current,  the 
effective  grid  current  can  be  re¬ 
duced  to  zero.' 

Bias  potential  required  is  equiv¬ 
alent  to  the  floating  grid  potential 
generated  when  the  grid  is  not  con¬ 
nected  externally  while  the  tube  is 
in  operation.  If  the  bias  can  be 
adjusted  sufficiently  to  keep  the 
parameters  of  the  grounded-grid 
tube  equal  to  the  parameters  of  the 
floating-grid  tube,  the  grid  current 
will  be  zero  and  the  input  imped¬ 
ance  will  be  infinite  for  a  zero  input 
signal. 

Grid  bias  and  current  and  plate 


voltage  and  current  can  be  held  con¬ 
stant  over  any  range  of  input  level 
by  using  the  slideback  voltmeter 
circuit  shown  in  Fig.  lA.  If  the 
bucking  voltage  is  adjusted  to  hold 
the  plate  voltage  constant  as  is 
increased,  the  plate  current  and 
grid  bias  and  current  will  remain 
constant  as  long  as  E,y  does  not 
exceed  the  range  of  the  bucking 
voltage.  Within  this  range,  the 
input  tube  sees  an  input  voltage 
that  appears  to  be  zero.  The  volt¬ 
meter  indicates  E,-,  precisely  with¬ 
out  loading  the  input  tube  or  the 
circuit  to  which  E,s  is  connected. 

Automatic  Circuit 

Since  the  slideback  voltmeter 
circuit  mu.st  be  manually  adjusted, 
it  is  impractical  for  computing  or 
measuring  devices.  For  the  circuit 
to  be  u.sable  in  these  applications, 
the  bucking  voltage  mu.st  continu¬ 
ously  and  automatically  be  obtained 
as  E,^  changes.  This  can  l)e  accom¬ 
plished  using  the  circuit  shown  in 
Fig.  IB. 

Neces.sary  bucking  voltage  is 
supplied  by  tube  F,.  Any  change 
in  plate-to-cathode  voltage  of  tube 
V',  is  detected  and  amplified  by  tube 
F,.  The  amplified  error  signal  is 
applied  to  F,  where  it  is  further 
amplified.  The  output  signal  ap¬ 
pears  across  the  voltmeter  as  a 
bucking  voltage  whose  magnitude 
is  always  equal  to  the  signal  voltage 
on  the  grid  of  F,. 

To  clarify  the  explanation  of  the 
circuit,  it  is  assumed  that  infinite 


amplifier  I 


amplifier  2 


FIG.  2 — High-impedance  diiierential  Ttvm  with  Input  range  irom  — ISO  to  -f  ISO  v.  Con- 
Tentional  input  roltage  dirider*  are  eliminated;  range  reiiitort  are  In  output  circuit.  A 
polarity  twitch  it  prorided  to  eliminate  nuitance  ol  trantpotlng  leadt.  Any  timple  hall 
or  iull-waye  unregulated  roltage  tupply  it  tultable  ior  ute  with  thit  circuit 
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gain  is  available  from  V,  and 
Actually,  the  gain  is  finite,  the 
plate-to-cathode  voltage  of  V',  is  not 
held  precisely  constant,  and  the 
tube  parameters  vary.  Change  in 
grid  bias  is  given  by  the  equation: 

—  a£'ix  — 

where  E»n  =  E,^  [G/(G  +  1)1, 
E,t  is  grid  bias,  G  is  overall  gain 
without  feedback,  and  E,x  is  input 
voltage. 

A  typical  amplifier  with  an  in¬ 
ternal  gain  of  2,000  will  have  an 
E„,  T  of  0.9995  Ely ;  that  i.s,  the  grid 
bias  change  will  l>e  0.0005  v  for 
each  1-v  change  in  Eiy.  Thus,  a 
signal  of  300  v  causes  only  0.15-v 
change  in  grid  bias  and  a  corre¬ 
sponding  change  in  the  other  pa¬ 
rameters.  Since  the  amplifier  gain 
is  considerably  greater  in  practice, 
the  operating  point  of  an  actual 
tube  does  not  change  as  much. 

Practical  Application 

A  practical  application  of  the  am¬ 
plifier  is  in  the  differential  volt¬ 
meter  circuit  shown  in  Fig.  2.  With 
either  input  groundetl,  the  instru¬ 
ment  can  lie  used  as  a  conventional 
vtvm;  however,  the  absence  of  in¬ 
put  voltage  dividers  and  the  input 
tul)e’s  constant  operating  point 
gives  an  input  impedance  far  be¬ 
yond  that  of  other  instruments. 

The  use  of  both  inputs  allows  dif¬ 
ferential  measurements  of  small 
signal  voltages  at  mean  levels  be¬ 
tween  —  150  and  -^.300  v.  For  ex¬ 
ample.  with  the  meter  selector  set 
on  the  0..3-V  scale,  simultaneous 
measurements  of  two  voltages  of 
.300  and  300.:)  v,  give  a  full-.scale 
deflection  of  the  meter.  This  differ¬ 
ential  feature  is  particularly  useful 
for  measuring  grid-to-cath<xle  po¬ 
tentials  in  high-impedance  circuits 
or  for  balancing  high-impedance 
push-pull  circuits. 

Grid-to-cathode  potential  of  the 
series  regulator  tubes  in  regulated 
voltage  supplies  can  be  observed 
under  varying  load  and  output 
voltage  conditions.  Elimination  of 
the  input  dividers  permits  the  use 
of  this  device  in  applications  where 
an  electrometer  is  normally  used. 

The  practical  differential  volt¬ 
meter  shown  in  Fig.  2  incorporates 
two  identical  amplifiers.  For  high 
stability  on  low-voltage  ranpes,  re¬ 
sistors  R.,  R„  R„  and  R,  and  po- 


FIG.  3 — D-c  ampliiiet  ior  hiqh  Input 
Toltaq**.  Hiqh-Toltaq*  ■•ri*a  requlator 
tub*  V>  maintalna  plot*  Toltoq*  of  Vi 
at  TirtuoUy  constant  1*t*1 

tentiometers  R,  and  should  be 
wire  wound  since  any  resistance 
change  cau.ses  a  slight  zero  shift. 
High-frequency  oscillations  can  be 
eliminated  by  connecting  a  small 
capacitor  from  the  grid  of  F,  to 
ground. 

A  type  6J7GT  tube  was  chosen 
for  r,  bec’ause  of  its  top-cap  con- 
.struction  which  reduces  leakage 
from  the  input  grid  to  the  other 
elements.  Leakage  across  the  glass 
envelope  can  be  reduced  by  con¬ 
necting  the  base  shield  to  the  cath¬ 
ode.  Since  operation  is  not  depend¬ 
ent  on  tul>e  type  or  characteri.stics, 
a  high-  or  low’-mu  triode  can  be 
sub.stituted  for  the  6J7GT  without 
an  appreciable  change  in  operation. 
If  a  pentode  is  u.sed  for  its 
.screen  can  Ije  supplied  from  V’,  cath¬ 
ode  or  by  tapping  R,  or  /?.. 

For  other  than  relatively  low^- 
voltage  measurements,  the  cathode- 
to-heater  voltage  ratings  will  be 
exceeded  unless  separate  filament 
supplies  are  provided  for  the  two 
amplifiers.  Supply  voltage  changes 
have  no  effect  on  operation  or  cali¬ 
bration  other  than  to  change  the 
input  voltage  range.  To  provide  a 
.300-v  input  range,  the  positive 
supply  should  be  at  least  450  v. 

Either  potentiometer  f?,  or  R  can 
be  mounted  on  the  panel ;  the  other 
should  be  mounted  on  the  cha.ssis. 
Moving  the  slider  of  R^  the  cha.ssis 
mounted  potentiometer  is  u.sed  to 
change  the  operating  point  of  V, 
while  initially  .setting  the  floating 
grid  bias.  Thereafter,  the  panel- 
mounted  potentiometer  is  u.sed  for 
zero  adjustment. 

When  setting  the  floating  grid 
bias,  small,  well  insulated  100  to 
l.OOO^^f  ceramic  capacitors  are 
connected  across  each  input  to 
ground.  The  input  i.s  temporarily 


grounded  and  the  capacitor  across 
input  2  is  di.scharged  by  momen¬ 
tarily  touching  it  with  a  grounded 
lead.  Rate  and  direction  of  drift  of 
the  voltmeter  pointer  i.s  then  noted 
and  p(jtentiometer  /?-,  given  a  trial 
adjustment.  The  discharge  and 
adjust  procedure  is  repeated  until 
the  meter  pointer  remains  station¬ 
ary  but  not  neces.sarily  at  zero.  In¬ 
put  of  amplifier  two  is  then 
grounded  and  the  procedure  is  re¬ 
peated  on  amplifier  one.  The  input 
tubes  are  now  operating  at  their 
zero  grid-current  point. 

During  stand-by  periods  when 
the  instrument  is  turned  on  but 
the  inputs  are  not  grounded  or  con¬ 
nected  to  an  external  source,  the 
grids  w’ill  be  left  floating.  Without 
a  conductive  path  to  ground  the 
grids  are  not  con.strained  and  are 
freely  affected  by  stray  currents 
and  by  random  fluctuations  within 
the  tubes.  The.se  tube  character¬ 
istics  cause  an  annoying  vibration 
and  .swinging  of  the  meter  pointer, 
especially  when  set  on  a  low  range. 
This  difficulty  can  be  eliminated 
by  connecting  a  small  capacitor  be¬ 
tween  the  input  grid  and  ground. 
If  a  range  of  input  voltages  beyond 
the  amplifier  rating  is  required,  the 
arrangement  in  Fig.  3  can  be  used. 

Ultra-High  Impedance  Voltmeter 

If  full  advantage  is  to  be  taken 
of  the  high  input  impedance  fea¬ 
ture  of  the  voltmeter,  conventional 
input  jacks  or  binding  posts  and 
test  leads  cannot  be  u.sed.  These 
convenient  accessories  are  imprac¬ 
tical  l>ecau.se  the  insulation  resist¬ 
ance  of  jacks  and  leads  is  consider¬ 
ably  lower  than  that  of  a  clean, 
shielded  6.J7GT  input  tube. 

A  simple  method  of  reducing  test 
lead  leakage  is  to  connect  the  lead 
directly  to  the  series  grid  resi.stor 
of  r„  place  a  shield  over  the  lead, 
and  drive  this  shield  by  connecting 
it  to  the  low  impedance  output. 
This  procedure  effectively  increases 
the  leakage  resistance  by  a  factor 
approximately  equal  to  the  internal 
gain  of  the  amplifier;  that  is,  if  the 
internal  gain  is  2,000,  the  resultant 
effective  resistance  will  be  2,000 
times  the  original  resistance. 

Reference 

(1)  O.  E.  Valley.  Jr  and  H.  Wallman. 
■■Vacuum  Tula*  .Vmpllflers^^.  Rfiil  Lab  Ser, 
IH.  p  ll.S,  McOraw-nill  B<M)k  Co.,  New 
York.  ims. 


ELECTRONICS  engineering  edition  — June  6,  1958 


89 


Signal-Strength  Chart 

\ 

Computations  of  signal  strength  input  to  a  receiver  can  he  solved  graphically 
hy  using  nomograph  based  on  a  formula  that  converts  field  intensity  at  the 
receiving  antenna  to  receiver  input  voltage 
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FIG.  1 — Nomograph  for  converting  field  intensity  to  receiver  input  voltage 


IF  FIELD  INTENSITY  t,  in  (jlV  per 
meter,  of  a  given  signal  /,  in 
me,  is  known,  the  signal  .strength 
E„  in  /iV,  is  determined  for  an 
input  impedance  of  50  ohms  (E, 
in  /iV  for  R  =  50)  and  may  be 
adjusted  for  any  value  of  input 
impedance  between  30  and  5,000 


ohms  (E,  in  pv  for  ,30  ^  ^ 

5,000).  An  isotropic  antenna, 
no-loss  transmission  line  is  as¬ 
sumed. 

Signal  strength  for  receiving 
antennas  of  gain  >  1  (0  db)  are 
.solved  first  by  finding  from  the 
chart  the  voltage  input  for  a 


system  with  an  i.sotropic  antenna 
and  then  adjusting  the  an.swer 
using  the  relation:  G  =  20  log 
iE’r/Er)  where  G  is  the  gain 
of  the  antenna  referred  to  iso¬ 
tropic;  E'r  is  the  voltage  input 
to  be  found;  and  E,  is  the  volt¬ 
age  inpyt. 
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EI.Et  TROMCS  REFEKENCE  SHEET 


See  the  air-gap  on  this  new 
lamination  for  miniaturization 


L«M)k  at  the  air-gaps  on  this  new  perforinancc-giiaran- 
teed  lamination  uc  liave  dcselopcd  and  are  stinking. 
'I  hc  F-I87’s  fixed  air-gap  presides  constant  indnctaiue 
or  linear  indnctaiue,  as  needed,  because  it  prevents  d-c 
saturation  of  the  stacked  cc^re. 

'I  lie  K-IH7  -Hii"  wide  center  leg  is  designed  for  ininia- 
turi/ed  filter  circuits  lor  connnunication  applications. 
It  is  ideal  lor  carrier  ec|uipinent,  and  can  lx-  used  most 
successfully  lor  microwave,  computer  or  other  applica¬ 
tions  where  fret|uency  control  is  critical, 
lioing  an  "F”  shape,  the  new  standard  stacks  more  easily 
than  El-187,  and  thus  offers  welcome  sasings  on  the 
production  line.  There  can  be  advantages  to  you,  tcK), 


in  being  able  to  order  any  cjuantity,  prototype  or  pro¬ 
duction,  directly  from  stexk. 

Fhere’s  more  detailed  information  on  this  new  member 
of  Magnetics,  Inc.  family  of  “Performance-Guaranteed” 
laminations— and  all  of  our  other  standard  laminations. 
Juil  write— Magrielifs,  /uc.,  Dept.  E-49,  Butler,  Pa. 
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ELECTRONS  AT  WORK 


Microwave  Component  Tester 

By  A.  F.  POMEROY  Beil  Telephone  Labs,  North  Andover,  Mass. 


Simple  operation  and  calibration  are  key  features  of  setup  for  measuring  losses  in 
microwore  devices 


Many  microwave  device.s  have  bet¬ 
ter  characteristics  at  frequencies 
between  their  extreme  operating 
frequencies.  Such  devices  can  be 
checked  at  their  edge-band  frequen¬ 
cies  with  the  assurance  that  they 
will  be  satisfactory  at  frequencies 
in  between. 

A  simple,  fast  method  of  meas¬ 
uring  the  insertion  losses  of  a  wave¬ 
guide  component  at  two  frequencies 
simultaneously  is  described.  Losses 
from  0.1  to  38  db  have  been  meas¬ 
ured  using  this  method. 

Many  factors  affect  the  accuracy 
of  measurement,  including  reflected 
power  at  the  flanges,  interaction 
factor,  stability  of  the  test  circuit 
and  readibility  and  accuracy  of 
calibration  of  the  loss-indicating 
device. 

A  typical  te.st  setup  is  shown  in 
the  photograph.  Losses  from  0.1  to 
1.5  db  at  10,700  and  11,700  me  can 
be  measured  to  an  estimated  ac¬ 
curacy  of  0.02  db. 

The  circuit  is  shown  in  Fig.  1. 
Two  klystrons  generate  c-w  at  10,- 
700  and  11,700  me.  Directional  cou¬ 
plers,  frequency  meters  and  detec¬ 
tors  provide  for  checking  these 
signals.  The  two  frequencies  are 
combined  in  a  hybrid  junction  be¬ 
fore  being  applied  to  junction  A-B 
under  te.st. 


The  two  frequencies  are  sepa¬ 
rated  again  by  bandpass  filters.  The 
d-c  out  of  one  detector  is  propor¬ 
tional  to  one  klystron  output,  and 
that  out  of  the  second  detector  to 
the  other.  The  operating  levels  at 
the  detectors  are  chosen  so  that  a 
one-db  change  in  input  will  cau.se 


FIG.  I — Circuit  measure!  losses  in  micro¬ 
wave  components  at  two  frequencies 


a  25-division  change  on  each  of  the 
output  meters. 

Precision  attenuator  AT,  must 
have  the  .same  change  of  loss  at 
both  frequencies  as  the  dial  is 
moved  from  one  setting  to  another. 
This  attenuator  is  calibrated  at  the 
J-db  points  between  2  and  3.5  db. 
This  makes  the.se  points  more  ac¬ 
curate  than  the  intermediate  divi¬ 
sions.  Experience  has  shown  that 
errors  of  0.05  db  can  occur  by  using 
the  intermediate  divisions  on  AT, 
and  a  reference  reading  on  the 
meters  to  measure  in.sertion  loss. 

Calibration  is  effected  as  follows: 
Precision  attenuator  AT,  is  .set  to 
a  .scale  reading  of  2  db.  Attenuator 
AT,  is  adju.sted  for  full  scale  read¬ 
ing  on  .1/,.  Then  AT,  and  resistor 
Ri  are  adju.sted  to  values  that  yield 
25  divisions  on  A/,  for  a  change 
from  2  db  to  3  db  in  the  setting  of 
AT,.  The  AT,,  R,  and  A/,  combina¬ 
tion  is  calibrated  similarly. 

A  typical  calibration  yields  13 
divisions  on  the  meter  for  the 
change  on  AT,  from  2  to  2.5  db; 
12  divisions  for  the  change  from 
2.5  to  3  db;  and  10  divisions  for 
3  to  3.5  db.  The  meter  readings 
for  each  setting  of  AT,  are  recorded 
and  plotted  on  a  calibration  chart. 

To  make  a  measurement,  AT,  is 
.set  at  2  db,  and  AT,  and  AT,  are 
adju.sted  for  full  scale  readings  on 
Mi  and  M,.  Insertion  of  the  com¬ 
ponent  under  test  between  flanges 
A  and  B  will  cause  .1/,  and  M,  to 
read  less.  Entering  the  calibration 
chart  yields  the  in.sertion  losses. 

Changes  in  in.sertion  lo.ss  of  0.01 
db  can  be  observed  using  this  test 
setup.  Return  losses  attributable 
to  differences  between  the  imped¬ 
ances  looking  into  isolator  A,  and 
into  the  component  under  test  can 
account  for  loss  changes  of  this 
order.  Slight  rotation  of  one  flange 
with  respect  to  the  abutting  flange 
can  also  reflect  power  of  this  same 
order. 

Stability  is  achieved  by  measur¬ 
ing  in  a  temperature-controlleil 
room  and  by  regulating  the  filament 
and  plate  supply  voltages  for  the 
kly.strons. 

The  range  of  loss  measurements 
can  be  extended  to  about  38  db  by 
modulating  the  kly.stron  o.scillators 
with  a  1,000-cps  .square  wave  and 
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REGULATION 

and 

STABILITY 


SHORT  CIRCUIT  PROTECTED 


UodtiSC-IM-M 


V 

R 

1 

s 

VOLTAGE  REGULATED 
POWER  SUPPLIES 


MODEL 
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DC 

OUTPUT 

AMPERES 

DC 
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IMPED 
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IKC- 

lOONC 

w 

SIZE 
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PRICE 

SC-18-0.5 
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.4 
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4V%" 
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$195.00 
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Patent  Pendini 

A  0.01%  SERIES  IS  AVAILABLE  IN  13  NEW  MODELS 

KEPCO  OFFERS  MORE  THAN  120  STANOARD  VOLTAGE  REGULATED 
POWER  SUPPLIES  COVERING  A  WIDE  RANGE  OF  MAGNETIC.  TUBE 
AND  TRANSISTOR  TYPES.  MOST  MODELS  AVAILABLE  FROM  STOCK. 
SEND  FOR  BROCHURE  B-585 


LABORATORIES,  INC. 

131-38  SANFORD  AVENUE  •  FLUSHING  55.  N  Y. 

INDEPENDENCE  1-7000 


REGULATION  (for  line  or  load)  0.1%  or  0.003  Volts 
(whichever  is  greater) 

RIPPLE:  1  mv.  rms. 

RECOVERY  TIME  50  microseconds 

STABILITY  (for  8  hours)  0.1%  or  0.003  Volts 
(whichever  is  greater) 

TEMPERATURE  COEFFICIENT  0.05%  per  'C.  Am¬ 
bient  operating  temperature  50'C  maximum.  Over¬ 
temperature  protection  included.  Unit  turns  off  when 
over-temperature  occurs. 

SHORT  CIRCUIT  PROTECTION:  NO  FUSES  CIRCUIT 
BREAKERS  OR  RELAYS!  Designed  to  operate  con¬ 
tinuously  into  a  short  circuit.  Returns  instantly  to 
operating  voltage  when  overload  is  removed.  Ideal  for 
lighting  lamps  and  charging  capacitive  loads. 

-  OVER  CURRENT  CONTROL  can  be  set  from  0  to 
120%  of  full  load. 

■  REMOTE  PROGRAMMING  at  1000  ohms  per  volt. 

■  REMOTE  ERROR  SIGNAL  SENSING  to  maintain 
stated  regulation  directly  at  load. 

^  Suitable  for  square  wave  pulsed  loading. 

~  Continuously  variable  output  voltage  without 
switching. 

■  Either  positive  or  negative  can  be  grounded. 

■  Units  can  be  series  connected. 

■  Power  requirements:  105-125  volts,  50-65  cycles. 

400  cycle  units  available. 

■  Terminations  on  front  and  rear  of  unit. 

•  High  efficiency.  Low  heat  dissipation. 

■  Compact,  light  weight  for  bench  or  rack  use. 

■  Color:  grey  hammertone. 

ORDERING  INFORMATION: 

Units  without  meters  use  model  numbers  indicated  in 
table.  To  include  meters  add  M  to  the  Model  No.  (e.g. 
SC-18-1-M)  and  add  $30.00  to  price. 

*Rack  adapter  for  mounting  any  two  SVe"  x  AVb"  units  is 
available.  Model  No.  RA2  is  5y4"h  x  19''w,is  $15.00 
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by  using  standing-wave  indicators 
as  amplifier  detectors.  The  stand¬ 
ing-wave  indicator  is  set  on  an  ex¬ 
panded  scale  so  that  0.1  db  spans 
about  i  inch. 

The  detector  and  standing-wave 
indicator  combination  are  used  at 
fixed  level  input.  Losses  are  read 
on  i4r,.  The  stability  is  not  as 
good  as  that  of  the  unmodulated 


Safety  is  a  major  problem  in  the 
launching  of  satellites  and  missiles. 
Elaborate  precautions  are  taken  in¬ 
cluding  electronic  gear  such  as 
closed-circuit  tv  and  telemetering. 

Three  specially  designed  infra¬ 
red  gas  and  liquid  analyzers  devel¬ 
oped  by  Mine  Safety  Appliances 
were  used  on  the  launching  pad 
of  Explorer  III.  The  instruments 
monitor  hydrocarbon  content  of  the 
liquid  air,  nitrogen  and  helium 
streams  with  which  the  missiles 
are  fueled  and  pressurized.  Should 
the  hydrocarbon  content  approach 
a  critical  explosive  point,  the  detec¬ 
tors,  by  means  of  mercury  switches, 
shut  down  the  operation. 

The  infrared  analyzer  is  de¬ 
scribed  by  MSA  engineers  as  a 
nondispersive  deflection  type  infra¬ 
red  absorption  comparison  instru¬ 
ment.  Two  similar  Nichrome  fila- 


circuit.  The  accuracy  under  these 
conditions  is  about  0.2  db. 

Experience  has  shown  that  this 
type  of  circuit  is  very  useful  for 
quickly  measuring  the  loss  of  a 
component  at  two  frequencies,  espe¬ 
cially  in  those  cases  in  which 
adjustments  are  made  on  the  com¬ 
ponent  in  order  to  meet  test  re¬ 
quirements. 


ments  are  the  separate  radiation 
sources  for  the  test  and  reference 
beams.  A  motorized  rotating  inter¬ 
rupter  alternately  interrupts  the.se 
in  such  a  way  that  superimposing 
the  two  blinking  beams  would  re¬ 
sult  in  a  single  steady  beam. 

The  stream  sample  flows  through 
a  gold-plated  stainless  steel  cell  in 
the  optical  path  of  the  test  beam; 
a  comparison  cell  in  the  other  beam 
is  completely  sealed. 

After  passing  through  the  .sam¬ 
ple  and  comparison  cell,  the  two 
beams  unite  in  a  pneumatic  micro¬ 
phone  capacitor.  The  result  is  an 
electrical  signal  of  amplitude  pro¬ 
portional  to  the  difference  in  infra¬ 
red  absorption  betw’een  test  sample 
and  reference.  This  signal  drives 
a  meter  and  recorder  to  read  either 
directly  or  proportionately  the  cali¬ 
brated  range  of  the  analyzer. 


Circuit  Shifts  Phase  360 
Degrees 

By  W.  BACON 

RuneberKfnkatu  <i7  B  31 

Helninki,  Finland 

Two  VOLTAGF.S  that  are  out  of  pha.se 
with  each  other  by  a  known  angle 
are  often  necessary.  It  is  also  de¬ 
sirable  to  be  able  to  vary  this  angle 
over  as  wide  a  range  as  possible. 

The  circuit  described  below  does 
this  at  a  fixed  frequency.  It  uses 
resistances  and  capacitances  only, 
making  it  useable  down  to  very  low 
frequencies.  It  requires  only  one 
variable  component  and  provides  a 
phase  difference  between  the  two 
output  voltages  that  can  be  varied 
from  —180  degrees  to  +180  de¬ 
grees  without  substantial  change  in 
magnitude.  Theoretically  magni¬ 
tude  can  be  made  absolutely  con¬ 
stant,  the  actual  variation  depend¬ 
ing  on  the  maximum  impedance 
that  can  be  tolerated  in  the  output 
circuit. 


FIG.  1 — Simple  network  at  A  produce* 
90-deqree  phase  laq,  while  that  at  B 
produce*  90-deqree  lead 


The  single-pha.se  input  is  first 
split  in  two  by  means  of  tw'o  two- 
loop  networks  of  the  types  shown 
in  F’ig.  lA  and  B.  The  network  in 
F'ig.  lA,  by  a  suitable  choice  of 
components  produces  a  phase  lag 
of  90  degrees.  The  network  in  F'ig. 


Servo  System  Steers  Car 


Senro  system  tied  in  with  power  steerinq  on  test  car  is  checked  by  I.  Bidweil.  depart¬ 
ment  head  on  GM's  research  stall.  Car  loilows  buried  cable  carryinq  low-lrequency  a-c 


Infrared  Analyzer  for  Missile  Safety 
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A  most  advanced  communication  ifetu  orfe  eu'^iineered  by  Hycon-Page  Libya  is 

being  manufactured  for  the  ancient  shores  of  T ripoli.  Civil  and  military  sen  ice 
for  the  United  Kingdom  of  Libya  will  be  provided  by  a  national  telecom¬ 
munications  system. 

For  the  tropo  scatter  spans.  Hycon-Page  Libya  has  chosen  radio  equipment  by 

REL:  driver  exciters,  i  kw  and  to  kw  klystron  amplifiers,  diversity  combiner 
receivers,  and  special  test  ap^paratus.  The  ultimate  traffic  capacity  of  these 
tropo  links  will  be  forty-eight  telephone  channels. 

REL  packaged  systems  have  demonstrated  in  repeated  testing  their  ability  to  with¬ 
stand  the  extrmely  high  temperatures  (110°  to  » » 5®  daily  in  the  shade) 
and  dust  storms  which  will  be  encountered  in  desert  installation. 

The  reliability  for  which  REL  equipment  is  world  famous  is  a  product  of  both 
imagination  and  exp>erience.  kilowatt  miles  of  tropo  scatter  equipment 
by  REL  are  in  use  and  on  order  than  those  of  all  other  companies  combined. 

The  skill  and  facilities  for  solving  your  specialized  radio  problems  are  available 
at  REL. 


JftfWLl 


Radio  Engineering  Laboratories’lnc. 

A  suh-iJhiry  of  Dynamici  CoTwrafiOH  of  America 

29*01  Borden  Ave  •  Long  Island  City  1,  N  Y 

STillwell  6-2100  •  Teletype:  NY  4-281 6 

Canadian  tapratantallva;  AHEAKN  &  SOPER  CO  •  384  BANK  ST  •  OTTAWA 


SWEEP  GENERATORS 


ACCESSORIES 


PERMITS  ACCURATE 

R.F.  Measurements 
By  Comparison 


Gain -VSWR- Loss 


FIG.  2 — Voltag*  across  AO  Is  180  deqrsss 
out  oi  phasa  with  that  across  BO 


REFLECTION  08  DOWN 


OF  CIRCUIT  IS 


TWICE  ATTEN.  SETTING 


Of  Voltage 


Standiog 


STANDARD  ATTEN 


Measurements  Unaffected  By: 


•  Oscilloscope  Gain  or  Linearity  Changes 


•  Sweep  Generator  Power  Output  Changes 


•  Square  Law  Characteristics  of  Detector 


•  Delay  Line  Losses 


Comparison  Measurement  Techniques  con  achieve  accU' 


racies  in  the  order  of  ±0.2 — Without  Refinement  Efforts. 


SEND  FOR  TECHNICAL  NEWSLETTER 


Informative,  fully  illustrated  technical  news 


letter  describes  RF  Measurements  of  Gain, 


Loss,  or  VSWR  by  the  Comparison  Technique. 


IB  produce.s  a  pha.se  lead  of  90  de- 
{free.s. 

In  Fig.  lA, 

V,  =  V.ll  +S}a.CR  -  (wCR)’] 

If  wCR  =  I,  \\  =  V.x  0.3  jwCR.  By 
making  CR  =  1,  an  output  voltage 
is  obtained  that  is  90  degrees  out 
of  pha.se  with  the  input  and  one- 
third  the  input  value  in  magnitude. 

In  Fig.  IB  a  similar  result  is 
obtained  except  that  it  is  negative. 


FIG.  3 — Phase  shift  oi  voltaqe  between 
X  and  O  and  input  voltage  increases  as  r 
is  increased 


If  the.se  networks  are  connected 
I  to  a  common  input,  as  in  Fig.  2, 
i  the  output  voltage  between  A  and 
<)  is  IHO  degrees  out  of  pha.se  with 
the  output  voltage  between  B  and  O. 

.  Assume  that  the  impedances  of 
Rt,  C,  and  C,  in  Fig.  3  are  .so  high 
that  they  do  not  load  the  input. 
Capacitor  C,  and  a  portion  r  of  R, 
form  a  pha.se-shifting  .sy.stem  if 
output  is  taken  between  X  and  (). 
As  r  is  increased,  I  he  phase  of  OX 
is  moved  away  from  that  of  V’., 
until  it  is  opposite  in  pha.se.  Theo¬ 
retically,  exact  opposite  phase  is 
i  approached  as  r  approaches  infinity. 
As  r  is  increasing,  however,  /'  is 
decreasing;  hence  OY  is  moving  in 
the  opposite  direction. 

This  is  illustrated  in  Fig.  4.  OA' 
is  originally  about  180  degrees 
ahead  of  OY  \  as  the  potentiometer 
setting  is  varied,  OY  and  OX  mt)ve 
into  phase  and  finally  OX  is  almost 
180  degrees  behind  OY.  Magnitude 
is  unchanged. 

A  practical  realization  of  this 


IlECTRONICS  CORP. 

1  5th  &  Lehigh  •  Philadelphia  32,  Pa. 

Export— Rocke  Infernofionol,  N.Y.,  N.Y.  ^ 


Sweep  Generators 
and  Accessories 
available  from 
15  KCto  1000  MC 
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GIANNINI  AC  OUTPUT 
ACCELEROMETER 


Wide  Dynamic  Range 
Extremely  Low  Threshold 
Low  Null 
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circuit  at  2,500  cps  is  shown  in  Fig. 
5.  It  should  be  noted  that  the  above 
explanation  is  completely  true  only 
if  R:-C,-C,  does  not  load  the  input 
sections.  In  practice  behavior  will 
be  m«>dified  by  the  loading  effect. 
The  circuit  was  found  to  produce 
a  change  of  pha.se  from  more  than 
180  degrees  leading  to  more  than 
180  degrees  lagging. 


FIG.  S — Clrcttil  producM  a  total  phase 
■hilt  between  output  1  and  output  2  irom 
let!  thon  180  degrees  lagging  to  more 
ihon  180  degrees  leading 


U.  S.  Magnetometer 
Used  by  USSR 


Soviet  Russia  has  placed  an  order 
with  an  East  German  instrument 
maker  for  an  ab.solute  magnetic 
theodolite.  The  company  is  working 
with  the  Geomagnetic  Institute  of 
Potsdam  to  improve  and  redesign 
the  magnetometer  submited  to  the 
American  National  Bureau  of 
Standards  by  A.  E.  Johnson. 

The  Soviets  hope  to  use  the  modi¬ 
fied  instrument  during  the  present 
geophysical  year  to  gain  knowledge 
of  the  structure  of  the  geomagnetic  | 
field.  1 

Instruments  incorporated  into  1 


ACCURATE.  CONSISTENTLY  RUIABLE  AC  out 
put,  proportional  to  linear  accelera¬ 
tion,  is  provided  by  this  new  Gian- 
nini  accelerometer.  Available  in 
ranges  from  ±1  g  to  ±20  g,  the 
instrument  has  a  full  scale  output 
of  6  volts  which  may  be  fed  directly 
into  a  relatively  low  impedance  with 
little  or  no  phase  shift. 

NULL  VOLTACE  IS  0.015  VOLTS,  of  which 
at  least  90%  is  harmonic,  assuring 
a  wide  dynamic  range  for  the  instru¬ 
ment.  With  a  basic  threshold  sensi¬ 
tivity  as  low  as  0.0001  g/g,  input 
accelerations  on  the  order  of  0.0017 
g’s  will  provide  a  10  millivolt  change 
in  output. 

NO  COULOMB  FRICTION  IS  EXHIBITED  in 

this  design,  bearings  are  eliminated 
by  suspending  the  mass  between 


two  disc  springs.  Acceleration  in¬ 
puts  move  the  magnetically  damped 
mass,  causing  a  proportionate 
change  in  the  output  voltage  of  a 
differential  transformer.  Cross-talk 
effect  is  minimum  (0.003  g/g  at  10 
g  cross  acceleration  on  a  Ig  instru¬ 
ment);  repeatability  and  hysteresis 
are  below  thresholds  of  measuring 
equipment. 

IDEAL  SECOND  ORDER  SYSTEM  RESPONSE  is 
achieved  in  the  Model  24614  by  mag¬ 
netic  eddy-current  damping.The  her¬ 
metically  sealed  instrument  is  oil- 
filled  for  stability  of  output  under 
vibration.  Specially  designed  and  con¬ 
structed  for  use  in  critical  airborne 
control,  stabilization,  and  flight  test 
applications,  the  instrument  is 
readily  adapted  to  telemetering. 


Giannini  meaaurea  &  control*: 

\  n 


PRECISION 
INSTRUMENTS 
AND  CONTROLS 


Ts  P»  .  (?c  M  JlT.  Ht  TAS 


G.  M.  GIANNINI  I.  CO..  INC.,  918  EAST  GREEN  STREET,  PASADENA,  CALIF. 


-  /  / 


■u 


f) 


MODEL 


vers,M>le 

MODELS 


MODEL  107A 


MODEL 

942 


Kadio  Jrequemtj 

iaboraiories.  INC. 


Boonton.  Ne'w 


the  design  for  measuring  length 
are  claimed  to  be  accurate  to  within 
a  thousandth  of  a  millimeter.  A 
compensator  used  to  measure  the 
current  of  the  Helmholtz  coils  had 
to  be  provided  with  dielectric  re¬ 
sistors  rated  at  a  million  megohms. 
Also  a  number  of  thermostats  are 
required  to  keep  temperature  con¬ 
stant  at  68  F'  so  that  no  losses  will 
be  incurred. 

This  unit  can  be  u.sed  to  measure 
the  horizontal,  vertical  and  total 
field  intensities,  as  well  as  the  mag¬ 
netic  variation  and  magnetic  in¬ 
clination  of  the  terrestrial  field. 


Path  Attenuation 
Nomograph 

Hv  NAOMI  KXSIllVL  AliARA 

l’.  S.  Navy  Klertroriioi  Kali, 

San  lUeKO.  Calif. 

Attenl'atio.n  between  closely 
spaced  antennas  can  be  determined 
rapidly  and  easily  with  a  nomo¬ 
graph.  This  nomograph  was  pre¬ 
pared  for  finding  path  attenuation 
between  microwave  antennas  spaced 
from  85  to  2,700  ft  apart  at  the 
Navy  Electronics  Lab  in  San  Diego, 
Calif. 

The  power  received  by  an  iso¬ 
tropic  antenna  from  an  isotropic 
source  is  directly  proportional  to 
the  total  power  radiated  and  in¬ 
versely  proportional  to  the  square 


Designed  for  production,  research  and  instrument  re¬ 
pair  work,  the  Model  1500  will  magnetize  the  new 
cobalt  platinum  and  barium  ferrite  materials  as  well 
as  all  the  Alnicos.  It  will  saturate  large  switchboard 
meter  assemblies  and  all  panel  type  instruments  and 
uses  most  existing  adapters  designed  for  the  Model 
107A.  Wire-wound  fixtures  are  plugged  into  front 
panel  through  a  safety  interlock  system  providing 
maximum  operator  protection.  Operates  from  115- 
volt,  60  cps  line.  Size  11  x  20  x  15;  weight  125  lbs. 
Price  S945. 


A  basic  condenser  discharge  unit  for  most  medium 
size  magnets,  the  Model  107 A  provides  ranges  of 
12,000  and  24,000  ampere-turns.  It  is  capable  of 
saturating  most  instrument  magnets,  including  the 
new  core  type  mechanisms,  using  adapters  or 
wire-wound  fixtures.  Designed  for  continuous 
duty.  Operates  from  115-volt,  60-cycle  line. 
Price  S530. 


Parabolic  Follows  Sun 


A  high  powered  magnetizer  (up  to  200,000 
ampere-turns)  capable  of  charging  large  Al- 
nico  and  ceramic  magnets  of  various  shapes  or 
pole  configurrtions.  Adapters  for  multi-pole 
rotors,  rod,  bat,  ring  and  other  shapes  are 
available.  Desi;'ned  for  continuous  produc¬ 
tion  use.  Size  30"  x  33"  x  38";  weight  235  lbs. 
with  200-uf  unit.  Price  of  basic  unit  is  less 
than  $2100. 


Performance  of  off  meefefs  it  rigidly  guaran¬ 
teed.  Prices  are  net  f.e.b.  Boonton,  N.J.  and 
subject  to  change  without  notice. 


SoTentoen-foot  parabolic  antenna  follows 
the  sun  to  enable  Cornell  scientists  to  pick 
up  radio  waves  emitted  from  the  solar  at¬ 
mosphere.  Simultaneous  measurements  of 
intensities  of  riqht  and  left  circularly  polar¬ 
ized  waves,  correlation  coefficient  and 
phase  difference  between  them  and  time 
checks  are  recorded  by  Brush  oscilloqraph 
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It’s  the 

frame  grid 
construction 

that  makes 
the  difference... 


Higher  transconductance 


■  Tighter  Gm  tolerance 

(all  tubes  — Gm  ■  12,5(X) 


+2500) 

-2000) 


60Q7A 

Co«le»ottOWt 


■  Low  transit  time 


■  Better  grid  and  plate  current  division 


In  the  Amperex  6923  Frame  Grid,  note  the  fine  wires 
under  tension  with  the  tight  tolerances  of  the  grid-to- 
eathode  spacing  determined  by  the  carefully  controlled 
diameter  of  the  centerless  ground  grid-support  rods 
and  the  frame  cross-braces  between  these  rods. 

In  conventional  tubes,  the  grid  dimensions  are  ob¬ 
tained  by  stretching  on  a  mandrel.  The  tolerance  of 
grid-to-cathode  spacing  is  therefore  dependent  upon 
this  operation  as  well  as  the  tolerances  of  the  holes  in 
the  top  and  bottom  mica  rod  supports. 


ADDITIONAL  FEATURES 


■  Passive  cathode  for  long  life 

■  Ruggedized  construction 

■  New  ‘dimple’  anode 


ruggedized,  low-noise,  hroad-band  twin  triode 


HERE’S  WHAT. THIS  MEANS  TO  THE  DESIOM  ENGINEER 


■  Reliable  radar  cascode  stages 

■  Higher  speed  computer  operation 

■  Lower  noise,  higher  gam  RF  amplifiers 

■  Minimum  guaranteed  lO.CXK)  hour  life 


Plate  Supply  Voltage  ...  .  100  volts 

Grid  Supply  Voltage . +9  volts 

Cathode  Bias  Resistor . 680  ohms 

Ptate  Current  . .  15ma 

Transconductance  (min.  10.500;  max.  15.(X)0) 
12.500  umhos 

Amplification  Factor  .  33 

Equivalent  Noise  Resistance  .  300  ohms 

Grid  Voltage  (rtns)  ..... . 0.75  volts 


about  “premium  quality”  frame  grid  tubes 
for  communication,  instrumentation 
and  industrial  applications. 


Amperex  electronic  corporation.  230  OuRy  Avenue.  Hlchsville.  L.  I..  N.  Y. 
In  Conodo:  Rog#rs  |l•ctreni€  Tub«s  &  Components,  11*19  SrentclifVe  Leoside,  Toronto  17 


CUT  and  FORMED 

TO  ENGINEERING  SPECIFICATIONS 


We  are  equipped  for  precision 

cut.  maintTin^‘in  the  finished 

specifying  tubing. 


of  the  distance  between  source  and 
receiver.  Received  power  is  also  in¬ 
versely  proportional  to  the  square 
of  the  frequency,  since  the  effective 
area  of  an  isotrope  is  equal  to  the 
square  of  the  wave  length  divided 
by  4  pi. 

Specifically,  the  relationship  be¬ 
tween  attenuation,  frequency  and 
distance  for  two  i.sotropic  antennas 
is: 

a  =  37.9  -I-  20  log,, 4  +  20  log,,/ 
where  a  is  attenuation  in  db,  </  is 
distance  between  antennas  in  ft  and 
/  is  frequency  in  me.  This  relation¬ 
ship  is  valid  when  d  is  much  greater 
than  2a’A,  where  a  is  the  largest 
linear  dimension  of  either  antenna. 
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KAOELL  SALES  ASSOC 
M75  N.  LINCCIN  ST. 
CHICAGO  45.  ILLINOIS 


FLORIDA 
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J  NEAL  CO. 
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RADIONICS  LTD 
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EXPORT 
szucs  :ntt  corp 

so  BROAD  STREET 
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CALIFORNIA 

ARIZONA 

VAN  GROOS  CO. 

21051  COSTANSO  ST. 
WOODLAND  HILLS.  CALIF 
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H"  rite  today  for  your 
complete  catalofi. 
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REPRESENTATIVES: 
WASHINGTON.  D.  C. 


COLORADO 
NEW  MEXICO 
UTAH 
WYOMING 

HYTRONIC 

MEASUREMENTS  INC. 
1295  S.  BANNOCK  ST. 
DENVER  23.  COLORADO 


TEST  RADAR  HIGH-POWER 

EQUIPMENT  *  COMPONENTS  *  MODULATORS 


AIM  ASSOC. 

1145  19th  ST.,  N.W. 
WASHINGTON,  D.  C 


WASHINGTON 

OREGON 


AHMCO 

BOEING  FIELD 
KING  CITY  AIRPORT 
SEAHLE  8.  WASH 


COMPONENT  DESIGN 


Exact  Inductance  With  Variable  Toroid 


FIG.  1 — Miniature  rariable  inductor  deyeloped  especiallf  ior  printed  circuits.  Inductance  is  varied  by  rotating  the  top  permanent 
magnet  to  change  toroidal  ilux. 


For  optimum  performance  of  tuned 
circuits,  pha.se  shift  networks,  and 
similar  impedance  device.s,  the  re¬ 
actance  must  be  an  exact  quantity. 
Even  if  the  required  reactance  is 
available  in  a  fixed  value  capacitor 
or  inductor,  pickup  from  other  cir¬ 
cuit  components  may  change  the 
frequency  response  of  the  imped¬ 
ance  network. 

The  variable  inductor  shown  in 
Fig.  1  can  be  .set  to  the  exact  value 
needed — after  it  is  connected  in  the 
circuit.  It  is  continuously  variable 
over  a  ten  percent  range  of  the  in¬ 
ductance.  Toroidal  coils  from  5o 
mh  to  125  h  are  available  from 
.stock,  and  special-order  coils  are 
available  up  to  1000  h.  All  coils  have 
the  high  Q  value  common  to  toroids, 
and  are  hermetically  sealed  to  meet 
government  MIL  specifications. 

A  cut-away  photograph  and  a 
sketch  of  the  variable  inductor  are 
also  shown  in  Fig.  1.  Inductance  is 
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FIG.  2 — Typical  Q  ts.  Frequency  char¬ 
acteristics  ior  low  frequency  variable 
inductor 


varied  by  bucking  out  flux  lines  in 
the  toroidal  core  with  a  field  from 
two  permanent  magnets.  There  is  no 
physical  contact  between  the  adjust¬ 
ing  screw  and  the  toroid. 

When  the  north  pole  of  the  rotat¬ 
ing  magnet  is  directly  over  the 
fixed  magnet’s  south  pole,  flux  lines 


FIG.  3 — Typical  Q  vs  frequency  charac¬ 
teristics  for  a  20  mh  high  frequency  vari¬ 
able  inductor 


from  the  magnet  are  perpendicular 
to  the  core  and  have  practically  no 
effect  on  inductance.  When  like 
p<jles  of  the  permanent  magnets  are 
in  line,  the  magnetic  lines  of  flux 
repel  each  other  and  pass  through 
the  core  of  the  toroid.  Inductance 
is  reduced  to  the  extent  that  lines 
of  flux  from  the  permanent  magnet 
cancel  out  flux  in  the  core  itself. 

Ten  Percent  Range 

Nominal  inductance  value  for  a 
coil  is  the  maximum  value,  and  in¬ 


ductance  range  is  the  nominal  value 
minus  approximately  10  percent. 
Range  can  be  increa.sed  to  as  much 
as  20  percent  on  .special  orders.  .A 
typical  Q  vs.  frequency  curve  is 
shown  for  low  frequency  in  Fig.  2 
and  high  frequency  in  Fig.  2. 

The  encapsulated  variable  toroid 
weighs  approximately  one-half 
ounce.  It  was  developed  espec-ially 
for  printed  circuits  and  light 
weight  requirements.  It  is  being 
u.sed  in  guided  missiles  and  similar 
miniaturization  fields. 

Hnrnell  and  Co.,  Inc.,  10  Pelham 
Parkiray,  Pelham  Manor,  S.  Y. 


Panel  Mounted  VTVM 

Multi-range  electronic  volt¬ 
meters  cause  less  circuit  load¬ 
ing  and  are  more  versatile 
than  standard  panel  meters 

Only  an  klectronic  voltmeter 
will  provide  accurate  a-c  voltage 
measurements  over  a  wide  fre¬ 
quency  range.  In  rack-mounted 
circuitry  which  has  a  wide  fre¬ 
quency  range,  a  rack-mounted 
VTVM  is  therefore  the  most  practi¬ 
cal  test  in.strument.  High  input 
impedance  of  an  electron  tube  in¬ 
.strument  is  also  very  desirable  for 
voltage  measurements. 

The  meters  designed  by  Metronix, 
Inc.,  require  no  more  panel  space 
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than  a  standard  six  inch  meter. 
Three  of  them  will  fit  into  a  19  inch 
rack. 

The  d-c  meter  has  seven  ranges 
from  zero  to  1000  v,  and  is  accurate 
to  plus  or  minus  three  percent. 
Input  terminals  and  the  calibra¬ 
tion  adjustment  are  located  at  the 
rear.  The  a-c  meter  has  ten  ranges 
in  10  db  steps  from  10  mv  to  300  v. 
Frequency  response  of  the  a-c  volt¬ 
meter  is  from  20  cy  to  100  kc.  Both 
d-c  and  a-c  types  may  be  isolated 
from  ground,  if  desired. 

In  most  cases  panel-mounted 
electronic  voltmeters  cost  less  than 


*M04:  12  POSITION  STEP  ATTENUATOR 
USING  AT-50  ELEMENTS. 

DC  TO  4000  MC. 


A  COAXIAL  UNIT  FROM 


EMPIRE  DEVICES 


AM03:  6  POSITION  STEP  ATTENUATOR 
USING  AT-50  ELEMENTS. 

DC  TO  4000  MC.  A 


Umpire's  UHF  attenuators 
are  resistive  coaxial  networks  for  the 
frequency  range  from  DC  to  4000 
MC. 


Accuracy  is  held  to  ±V2  DB,  VSWR 
is  better  than  1.2  to  1.  Any  attenua¬ 
tion  values  up  to  60  DB  are  available. 
Deposited  carbon  elements  are  used 
for  stability  and  operations  at  higher 
pulse  levels.  Standard  impedance  is 
50  ohms,  other  values  upon  request. 
These  units  have  excellent  tempera¬ 
ture  characteristics  and  are  vibration 
and  shock  resistant.  Standard  con¬ 
nectors  are  type  "N”,  attenuator  pads 
are  also  available  with  type  "C". 

The  attenuators  may  be  obtained  as 
individual  pads  (AT-50,  AT-60), 
or  as  multi-position  step  attenuators 
AT-103  (six  positions)  and  AT-104 
(twelve  positions) .  For  even  greater 
flexibility,  several  step  attenuators 
may  be  series  connected. 


Rack  mounted  aloctronic  Toltmatars  are 
accurate  over  a  wide  ranqe  irequancy 
range. 


conventional  bench — type  vtvm’.s 
required  for  high  impedance,  wide 
frequency  range  measurements. 
They  are  naturally  more  expensive 
than  standard  panel-type  volt¬ 
meters  built  for  only  one  frequency. 

The  meters  are  completely  self 
contained  with  built-in  power  sup¬ 
plies  and  all  necessary  operational 
controls.  Metrnnijc,  Inc.,  Cheater- 
land,  Ohio. 


AT-50:  ATTENUATOR  PAD. 
DC  TO  4000  MC. 

1  W  AVERAGE.  1  KW  PEAK. 


AT-M:  AHENUATOR  PAD. 
DC  TO  3000  MC. 

2  W  AVERAGE.  2  KW  PEAK. 


The  Three  Tube 
Rating  System 

Turke  rating  syste.ms  are  now 
being  used  for  electron  tubes.  Each 
system  uses  a  different  standard 
to  analyse  tube  capabilities.  Since 
the  rating  systems  describe  the 
permi.ssible  area  of  operation  for 
a  tube,  a  con.scientious  circuit  de¬ 
signer  is  compelled  to  understand 
the  .systems  and  their  merits  and 
limitations. 

At  first  glance  it  would  appear 
that  three  systems  are  redundant. 
And  the  proponents  of  one  rating 
system  for  all  tubes  Ijelieve  this 
to  be  so.  There  are  others  however 
who  find  merit  in  this  redundancy. 

At  the  1958  Electronic  Compon- 


For  complete  technical  information 
about  attenuators  for  your 
laboratory  or  production  needs, 
write  for  free  catalog. 
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products  corporation 

AMSTERDAM.  NEW  YORK 
miilllliilliH  victor 

manufacturers  of 

FIELD  INTENSITT  METERS  •  DISTORTION  ANALYZERS  •  IMPULSE  GENERATORS  •  (OAXIAl  ATTENUATORS  •  CRYSTAL  MIXERS 
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Send  for  new  FREE  BOOK 

Tear  off  and  mail  this  Air  Mail 
Postage  Paid  reply  card. 


JUST  PLUG  IT  IN 


High  Speed  ‘‘Synchro-Copying’* 


*T«^  " 


The  Apeco  Uni-Matic  Auto-Stat  ia  the  world’a  faat- 
eat,  eaaieat  to  operate,  a]|-purp<M  copy-maker.  The 
original  to  be  copied  is  inanted  into  machine  . . .  the 
copy  feeds  right  out . .  .  original  is  instantly  returned. 


Look  Alike  Copying 


The  Apeco  Uni-Matic  Auto-Stat  produces  white 
copies  that  look  exactly  like  the  original.  Whites  are 
copied  white,  blacks  are  copied  black — and  middle 
tonea  in  grays  of  equal  intensity. 


Copy  in  FIVE  Colors  m  m  m  anything  written,  printed,  typed, 

drawn  or  photographed,  right  in  your  own  office. 

The  brand  new  Apeco  Uni-Matic  Auto-Stat  ia  the  greatest  advance¬ 
ment  in  office  copying  in  the  last  ten  years.  It  is  the  culmination  of 
many  years  of  research  and  engineering  by  America’s  leading  manu¬ 
facturer  of  office  copying  equipment. 

This  revolutionary  new  machine  makes  copies  in  less  than  half 
the  time  of  any  other  photocopy  maker.  It  is  so  simple  to  operate — 
anyone  is  an  expert  the  first  time  he  uses  it.  The  Apeco  Uni-Matic 
Auto-Stat  copies  from  any  original — any  color — on  opaque  or 
transparent  paper  .  .  .  printed  on  one  or  both  sides.  It  is  handsome, 
compact,  and  light  weight.  Offers  hundreds  of  time  and  money  sav¬ 
ing  uses  for  every  business  at  a  price  within  the  budget  of  the 
smallest  firm. 


ALSO  AVAILABLE  ON  LOW  COST  LEASING  PLAN 


Individual — - - - — — — - Title - 

In  Canada:  Apeco  of  Canada,  Ltd.,  134  Park  Lawn  Rd.,  Toronto,  Ont. 
in  Mexico:  Apeco  de  Mexico  S.  A.,  Ignacio  Eitva  f7 
Eeq.  Joee  Moran,  Mexico  18  D.  F.,  Mexico 


Addrexa - 

City - 


AiMrican  Phatacapy  Equipmant  Ca. 

2100  W.  Dampttar  St.,  Evanston,  Nl. 

Rush  me,  without  obligation,  your  new  free 
book  on  the  revolutionary  new  Apeco  Uni- 
Matic  Auto-Stat.  1  understand  this  book 
explains  office  photocopying  applications  in 
detail  and  shows  how  my  business  can  greatly 
benefit  by  the  use  of  this  modem  copy-maker. 


Company 


Type  of  Bum.. 


- Zone - —State - 


') 


A- 


The  first 
really  automatic 
copymakerl 


With  the  amazing,  entirely  new 


INSTANTLY  COPIES  ANYTHING  AUTOMATICALLY 


No  matter  what  copy  machine  or  method  you  now 
uae  you  will  be  interested  in  knowing  how  the  excit¬ 
ing  new  Apeco  Uni-Matic  Auto-Stat  can  save  you 
time  and  money  by  cutting  costly  office  paper  work. 

A  LIBERAL  TRADE-IN  OFFER  ON  ANY  COPYING 
EQUIPMENT  IS  AVAILABLE  FOR  A  LIMITED  TIME. 


Instantly  copies  letters,  invoices,  receipts,  charts,  blueprints,  photographs, 
quotations,  drawings,  catalog  pages — anything. 
AMERICAN  PHOTOCOPY  EQUIPMENT  CO. 

2100  W.  Dempster  Street,  Evanston,  Illinois 


Fifst  CIms  Pmmt 
No  m 
(vamtofi.  IN 


6c  postage  will  be  paid  by — 

AMERICAN  PHOTOCOPY  EQUIPMENT  CO. 

2100  W.  Dempster  Street 

Evanston,  III 


explaining  in  detail  the  new  Apeco  Uni-Matic 
Auto-Stat  and  how  you  can  uae  thia  revolutionary 
copy-maker  in  your  buaineea? 


The  mobility  problem  in  cooling  elec¬ 
tronic  equipment  in  vans  and  for  mis¬ 
sile  pre-launching  has  been  answered 
by  new  AiResearch  Freon  air  condi¬ 
tioning  units.  One-fourth  the  weight 
and  one-third  the  size  of  conventional 
equipment,  these  lightweight,  air- 
transportable  units  utilize  highly 
eihcient  AiResearch  Freon  compo¬ 
nents  (see  diagram)  originally 
developed  for  commercial  aircraft 
applications. 

Heat  source  fur  the  circuit  can  l>e 


either  electrical,  or  exhaust  gas  from 
an  AiResearch  gas  turbine.  When  tbe 
gas  turbine  assembly  includes  an 
alternator,  it  supplies  400  cycle  pott  er 
to  run  both  the  refrigeration  unit  and 
all  electronic  gear  in  the  van. 

Easily  operated  manually  or  auto¬ 
matically,  this  compact  air  condition¬ 
ing  unit  provides  from  5  to  12  tons 
cooling  capacity  and  up  to  85,000 
iiTii’s  per  hour  heating  capacity.  It 
operates  on  400  cycles,  208  volts.  The 
unit  shown  stands  54'  high,  52'  wide 


1 - 

- 1 

SPECIFICATIONS 

Performance  Data: 

Typicsl  operation  —  cooling 

Refrigerant 

Freon  12 

Evaporator  tonnage 

7.5 

Ambient  temperature 

100F 

Condenser  air  flow 

5000  cfm 

Condensing  temperature 

131F 

Evaporator  air  flow 

1230  cfm 

Eiternal  distribution 

ducting  pressure  drop 

2  in  HjO 

Evaporating  temperature 

48F 

Electrical  power 

26gVA 

and  27  deep,  with  a  charged  weight 
of  only  452  lbs.!  Your  inquiries  are 
invited. 


ENGINCERINC  RETRESCNTAnvES  «IRSUPfl.Y  AND  AERO  ENGINEERING.  OFFICES  IN  MAJOR  CIHES 


AiResearch  Manufacturing  Divisions 


Lus  .4ngeles  45,  California  •  Phoenix,  Arizona 

Systems,  Packages  and  Components  for:  aircraft,  missile,  electronic,  nuclear  and  industrial  applications 
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WHAT’S  THE  CATCH? 


The  catch  or  latching  arrangement  on  all  these  Sigma  relays  Is 
a  permanent  magnet.  Vi'hile  this  fact  is  not  fraught  with  serious  or 
far-reaching  consequences,  magnetic  latching  does  have  advantages 
worth  considering.  Since  there  are  no  triggers,  catches  or  springs  to 
wear  out,  magnetic  latching  relays  do  not  fear  early  commitment 
to  an  eleemosynary  institution.  They  do  not  continuously  nibble 
a  little  stand-by  power,  adding  their  own  little  body  warmth  to 
the  already  stuffy  environment;  nor  do  power  interruptions  make 
them  change  position.  Vi'hat  the  armatures  of  these  Sigma  relays  do 
do  is  stay  where  the  last  coil  signal  sent  them,  moving  to 

the  other  fixed  position  only  when  a  ^ 
resetting  signal  comes  along.  ^,5 

An  up-to-date  inventory  shows  that  there  are  now  five  Sigma 
magnetic  latching  relays  available,  with  the  following  distinguishing 
traits.  SERIES  6  will  switch  2  or  5  ampere  loads  on  inputs  from  22 
to  450  mw.,  with  contacts  up  to  -IPDT ;  useful  in  memory  circuits, 
fast  enough  tor  follow-up  systems,  reliable  latching  contactor. 
SERIES  61  is  a  modification  of  the  "o",  with  DPDT  contacts  capable 
of  switching  20  ampere  loads  on  225  or  450  mw.  signals,  small, 
considering  its  ratings.  SERIES  32  is  the  newest  and  smallest  of  the 
group;  DPDT,  measures  0.800"  x  0.400"  x  0.900*'  high,  max.,  has 
pins  spaced  equally  on  0.200"  centers,-  price  is  low.  SERIES  77  is 
the  most  sensitive  (0.3  —  2.0  mw),  and  is  designed  for  bounce-free, 
high  speed  switching.  Sensitivity  is  adjustable,  contacts  replaceable. 
SERIES  73  is  a  small  hermetically  sealed  SPDT  type  for  use  in 
miniature  devices  and  guided  missiles.  Dimensions  **  dia.  x  1  'Ik" 
high.  Contacts  rated  1.5  ampere,  sensitivity  6  mw.  and  12  mw. 


If  any  of  these  magnetic  latching  relays  (Sigma  Form  "Z")  offer 
the  characteristics  you’re  looking  for,  write  for  more  data.  If  they 
don’t,  write  anyway  and  tell  us  what  you  expect.  Maybe  one  of  us 
could  be  talked  into  making  a  small  modification,  so  that  a  Sigma 
relay  will  work. 


SIGMA 

SIGMA  INSTRUMENTS,  INC., 

62  Pearl  Street,  So.  Braintree  83,  Mass. 


ent.s  Conference  A.  J.  Heitner  of 
Sylvania’s  Tube  Division  delivered 
a  paper  entitled.  Making  Sense  of 
The  Three  Tube  Rating  Systems. 
We  would  like  to  pass  along  some 
of  his  observations. 

Seven  factors  are  considered 
by  the  tube  rating  systems:  (1) 
Physical  Dimensions,  (2)  Element 
voltages  (:i)  Element  currents  (4) 
Element  power  dissipation  (5)  Bulb 
or  environmental  temperature  (6) 
Impact  shock  and  (7)  Altitude. 

In  order  to  know  when  a  rating  vio¬ 
lation  exists  or  when  a  circuit  is 
compatible  with  the  tube  ratings,  a 
design  engineer  must  know  the 
basic  concepts  of  the  rating  .sys¬ 
tems. 


Design-Center  System 

The  most  common  .system  for  re¬ 
ceiving  tubes  is  the  Design-Center 
System.  .lETEC  definition  of  this 
.system  is: 

“Design-Center  ratings  are  limit¬ 
ing  values  of  operating  and  envi¬ 
ronmental  conditions  applicable  to 
a  Ijogey  electron  device  of  a  speci¬ 
fied  type  as  defined  by  its  published 
data,  and  should  not  be  exceeded 
under  normal  conditions. 

The  device  manufacturer  chini.ses 
these  values  .  .  .  taking  responsi¬ 
bility  for  normal  changes  in  oper¬ 
ating  conditions  due  to  rated  supply 
voltage  variation,  equipment  com¬ 
ponent  variation,  equipment  control 
adjustment,  load  variation,  signal 
variation,  environmental  conditions, 
and  variations  in  device  character- 
i.stics. 

The  equipment  -manufacturer 
should  design  .so  that,  initially, 
no  design-center  value  for  the 
intended  service  is  exceeded  .  .  .” 

When  the  majority  of  receiv¬ 
ing  tulie  usage  was  for  home  radio 
this  system  worked  fine.  As  tube 
applications  became  more  complex 
two  disadvantages  became  appar¬ 
ent  :  ( 1 )  Protection  offered  the 

tube  is  variable  and  depends  on  the 
circuit  and  environment.  (2)  The 
circuit  designer  has  no  a.ssigned 
re.sponsibility  for  maintaining  cir¬ 
cuit  environmental  conditions  com¬ 
patible  with  design-center  ratings. 

Even  during  the  radio  age  trans¬ 
mitting  tubes,  power  rectifiers,  gas 
filled  types,  etc.  did  not  lend  them¬ 
selves  to  the  design-center  .system. 
The  tube  manufacturer  found  that 
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new  -  SEND  TEST  SIGNALS  DURING  PROGRAMMING 


American  Broadcasting  Co. 

Mr.  R.  Morris  (left)  &  Mr.  J,  Serafin 


MODEL  1008*  A 


Test  signal  is  thin  line  between  frames.  All  test 
signals  can  be  transmitted  during  vertical  blanK- 
ing  portion  of  program. 


VERTICAL 

BLANKING  INTERVAL 
TEST  SIGNAL  KEYER 


The  Telechrome  Model  1008-A  Verti¬ 
cal  Blanking  Interval  Keyer  is  a  self- 
contained  portable  unit  that  makes  VERTICAL  Bl 

possible  transmission  of  television 

test  and  control  signals  between  mg'seil-w 

frames  of  a  TV  picture.  Any  test  sig- 
nal  (multiburst,  stairstep,  color  bar, 
etc.)  may  be  added  to  the  composite  program  signals.  The 
keyer  will  operate  anywhere  in  the  TV  system  and  operates 
from  composite  video,  sync,  or  H  &  V  drive.  The  test  signals 
are  always  present  for  checking  transmission  conditions 
without  impairing  picture  quality.  The  home  viewer  is  not 
aware  of  their  presence. 

These  continuous  reference  signals  may  be  used  in  con¬ 
nection  with  various  Telechrome  devices  for  automatic 
correction  of  video  level,  frequency  response,  envelope  delay, 
differential  gain  and  differential  phase. 


VERTICAL  BLANKING  INTERVAL 
TEST  SIGNAL  KEYER 


Portable  or  standard  rack  mount¬ 
ing.  Self-contained  power  supply. 


Video  picture  with  multiburst  test  signal  in¬ 
serted,  as  seen  on  ordinary  wave  monitor. 


^  1003>C  VIOCO  TRANSMISSION 

THT  SIGNAL  GEKSATOR 

Cawtpiwraly  Mlf-cowfa.ned,  pwrfobie.  Rra- 
dkK«*  mvIf^freilMniy  bvrs*.  slotniae^ 
■■aulofwa  akwifstwp  wKil*  wlndOm,  tM)- 
lyweh.  Verkitste  rfuly  (ycl*.  HRr- 
lefMi  power  tvppiy.  IZV’*"  Ollj  JunI  nsfc 
mounltw^  or  in  eUrryhlg  S0tm.  iwTogrqiai 
wiiHnbove  modei  (00«-At»VgMl  KagM. 


IMPORTANT: 

Checking  after  programming  is  costly  and  at  best  highly 
inefficient  since  conditions  constantly  vary.  The  Tele¬ 
chrome  Vertical  Interval  Keyer  minimizes  post-program 
checking  and  overtime  expenses.  It  provides  instant 
indication  of  deteriorating  video  facilities  so  that  cor¬ 
rective  measures  can  be  undertaken  immediately— 
manually  or  automatically  during  programming. 

Now  in  use  by  CBS,  NBC, 

ABC,  BBC  ITA  (Brit.) 

Write  for  Specifications  &  Details 


^ 

■  ■  Q  ^ 


TNt  Noffon's  ivodm^ 
Suppl»#r  of  Color 
TV 

28  RANICK  DRIVE 
AMITYVILLE,  N.  Y. 
Lincoln  1-3600 

Coble  Addreo:  COIORTV 


lion— 13635  Victory  Blvd..  Van  Nuys,  Calif.,  State  2-7479. 
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PRICE:  $290 


SPECIFICATIONS 
FREQUENCY  RANGE  0.05  cp*  Vo  SOKC 

down  to  0.01  cp*  with  correction* 


VERl  LOW  FREQUENCY 

Voltag*  Mpasurdiilivnts 


VOLTAGE  RANGE  0.02  to  200V  pe«k  to  peak  lowed  reading  cor- 
re*poftd*  to  7.07inv  rm*  of  a  tine  wave 
ACCURACY  3%  throughout  ronge*,and  for  any  point  on  meter  scale 
IMPEDANCE  10  megohm  by  any  average  capacitance  of  30  jurf 
OPERATION  Uncrffected  by  line  variation  100  to  130V,  60  cycle,  45  watt 


FEATURES 


•  Pointer  "flutter"  is  almost  unnotireahle  riown  to  O.Oiieps,  wliile  at 
O.Olrps  the  variation  will  be  small  compared  to  the  sweep  observed 
when  employing  the  tedious  technique  of  measuring  infrasonic  waves 
with  a  dc  voltmeter. 


•  A  reset  switch  is  available  for  discharging  ‘‘memory”  circuits  in  order 
to  conduct  a  rapid  series  of  measurements. 

•  The  reading  stabilizes  in  little  more  than  1  period  of  the  wave. 

•  Meter  has  a  single  logarithmic  voltage  scale  and  a  linear  decibel  scale. 

•  Accessories  are  available  for  range  extension  up  to  20,000  volts  and 
«lown  to  140  microvolts. 

For  further  information  on  this  and  other  Ballantine  instruments 
write  for  our  new  catalog. 


Ballantine  Laboratories,  Inc. 

100  Fonny  Rood,  Boonton.  New  Jersey 


I 


it  was  not  pr)8sible  to  reflect  into 
the  ratings  the  known  variations 
of  all  of  the  various  usages. 

Absolute-Maximum  System 

An  absolute-maximum  rating  sys¬ 
tem  w’as  established  which  placed 
the  responsibility  of  circuit  design 
which  is  compatible  with  tube  rat¬ 
ings  directly  on  the  circuit  design¬ 
er.  JETEC  definition  of  the  ab.so- 
lute-maximum  .system  is: 

“Absolute-Maximum  ratings  are 
limiting  values  of  operating  and 
environmental  conditions  applic¬ 
able  to  any  electron  device  of  a 
specified  type  as  defined  by  its 
published  data,  and  should  not  be 
exceeded  under  the  worst  probable 
conditions. 

The  device  manufacturer  chooses 
these  values  to  provide  acceptable 
.serviceability  of  the  device,  taking 
no  re.sponsibility  equipment  varia¬ 
tions,  environment  variations,  and 
the  effects  of  changes  in  operating 
conditions  due  to  variations  in  de¬ 
vice  characteristics. 

The  equipment  manufacturer 
should  design  so  that  initially  and 
throughout  life  no  absolute-maxi¬ 
mum  value  for  the  intended  .service 
is  exceeded  with  any  device  under 
the  worst  probable  operating  condi¬ 
tions  with  respect  to  supply-voltage 
variation,  equipment  component 
variation,  equipment  control  adjust¬ 
ment,  load  variation,  signal  varia¬ 
tion,  environmental  conditions,  and 
variation.s  in  device  characteris¬ 
tics”. 

A  careful  look  at  both  of  these 
.systems  shows  the  di.sad vantages  of 
each.  With  the  design-center  .sys¬ 
tem  the  tube  manufacturer  effec¬ 
tively  assumes  responsibility  for 
both  variations  in  tul)e  character- 
i.stics  and  circuit  operation  on  tul)e 
performance.  However,  under  the 
conditions  impo.sed  by  the  absolute- 
maximum  system,  the  complete 
responsibility  for  variations  in 
tube  characteri.stics  and  operating 
conditions  is  a.ssigned  to  the  cir¬ 
cuit  designer. 

The  absolute-maximum  .system 
came  into  more  wide  spread  use  in 
the  low  power  or  receiving  tube 
field  with  the  advent  of  the  JAN 
and  MIL  specifications.  The  sy.s- 
tem,  however,  is  extremely  demand¬ 
ing  on  the  circuit  designer. 

In  order  to  make  the  ab.solute- 
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Compact  C-band  unit  replaces  gas-tube 
duplexer;  needs  no  external  power. 


System  designers:  This  new  circulator  is  lighter  and  more  com* 
pact  than  the  differential  phase-shift  type  unit  and  readily 
replaces  typical  TR  or  ATR  gas  tubes  in  C-band  microwave 
transmission  systems. 

The  Raytheon  Model  CCMl  weighs  less  than  5  lbs.  and  is  less 
than  6  inches  long.  Its  permanent  magnet  design  eliminates  the 
need  for  external  drive  power.  The  CCMl  reduces  requirements 
for  filters  and  klystron  isolation  common  to  systems  using 
T-junction  duplexers. 

With  Raytheon’s  advanced  microwave  component  designs  like 
this  new  C-band  circulator,  systems  designers  now  have  more 
freedom  than  ever  before  to  design  compact  lightweight  pack¬ 
ages.  Other  devices  now  available  and  in  advanced  stages  of 
development  include  isolators,  both  high  and  low  power,  ranging 
from  L-band  to  Ku-band;  ferrite  switches;  m^ulators;  and 
side-band  generators.  _ 


FOR  COMPini  FACTS  or  aasUtonce 
in  solving  your  microwave  ferrite 
component  problems,  simply  write 
to  the  address  below,  outlining  your 
requirements. 


RAYTHEON  MINIATURIZED  X-BANO  ISOLATORS  weigh  as 
little  as  2.2  oz.  For  somewhat  different  requirements  in 
the  lower  frequency  L-band,  Raytheon  recently  introduced 
the  first  high-power  L-band  isolator  commercially  available. 


RAVTHKON  MANUFACTURING  COMPANY 

Spaolal  MIorowav*  Oavio*  Group 

lOO  RIvor  Stroot,  Walthans  B4,  MasaaohuaoMa 


Excellence 
in  Electronics 
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FIRST  920  channel  Single  Conversion 
VHF  Mobile  Receiver  Uses 


HYCON  EASTERN  CRYSTAL 


Hycon  Eoitern  11.5  Me  Cryttol 
Filters  Measure  2"  *  1'/l”  »  Vt" 


Bandwidth  at  60  db  attenuation;  60  Kc 


Insertion  Loss:  4  db 


VHF,  920  Channels,  fully  tran¬ 
sistorized  Radio  Receiver  by  Avco 
Mfg.  Corp.,  Crosley  Division 


Mobile  communications  for  today’s  fast  moving  military 
operations  require  equipment  which  is  rugged,  compact,  highly 
accurate  and  dependable.  Filling  this  need  is  the  Avco-Crosley, 
fully  transistorized,  920  channel,  mobile  VHF-FM  Radio 
Receiver  incorporating  a  Hycon  Eastern  1 1 .5  Me  Crystal  Filter 
and  matching  Discriminator. 

The  use  of  only  one  frequency  conversion  provides  excel¬ 
lent  image  rejection  in  combination  with  high  adjacent  channel 
selectivity.  By  eliminating  multiple  conversions,  cross  modula¬ 
tion  and  receiver  desensitization  are  reduced  even  in  the  the 
presence  of  strong  interference  from  any  of  the  other  920 
channels. 


High  Frequency  Crystal  Filters  for  mobile  applications 
offer  the  advantages  of  small  size,  freedom  from  microphonic 
behavior,  and  ability  to  maintain  their  characteristics  throughout 
the  entire  temperature  range  of  —  60°C  to  -i-90®C.  Hermetically 
sealed,  no  realignment  or  readjustment  is  ever  required. 

There  are  Hycon  Eastern  Crystal  Filters  designed  to  solve 
selectivity  problems  in  AM  or  FM  receivers  and  SSB  trans¬ 
mitters,  whether  fixed  or  mobile.  Hycon  Eastern  engineers  can 
assist  you  in  choosing  filter  characteristics  best  suited  to  your 
needs.  Write  for  Crystal  Filter  Bulletin. 


ah  HYCON  EASTERN,  INC, 


75  Cambridge  Parkway 


Cambridge  42,  AAati. 


maximum  rating  .system  as  real¬ 
istic  as  possible  for  some  of  the 
known  applications,  the  tube  indus¬ 
try  established  multiple  ratings  on 
high  power  tubes. 

The  complex  nature  of  Ixith 
military  and  commercial  electronics 
indicated  the  need  for  a  .  .  . 

Design-Maximum  System 

It  was  with  this  intent  that  the 
Design-Maximum  system  was  de¬ 
veloped.  .lETPX  definition  of  the 
Design-Maximum  System  is: 

“Design-Maximum  ratings  are 
limiting  values  of  operating  and 
environmental  conditions  appli¬ 
cable  to  a  bogey  electron  device  of  a 
specified  type  as  defined  by  its  pub¬ 
lished  data,  and  should  not  be  ex¬ 
ceeded  under  the  worst  probable 
conditions. 

The  device  manufacturer  ch»K».ses 
the.se  values  to  provide  acceptable 
.serviceability  of  the  device,  taking 
responsibility  for  the  effects  of 
changes  in  operating  conditions 
due  to  variations  in  device  charac¬ 
teristics. 

The  equipment  manufacturer 
should  design  so  that  initially  and 
throughout  life  no  design-maxi- 
mum  value  for  the  intended  .service 
is  exceeded  with  a  Ixigey  device 
under  the  worst  probable  operating 
conditions  with  respect  to  supply- 
voltage  variation,  equipment  com¬ 
ponent  variation,  equipment  con¬ 
trol  adjustment,  load  variation, 
signal  variation,  and  environmental 
conditions." 

In  the  TV  industry  the  worst 
probable  operating  conditions  for 
any  circuit  are  usually  ea.sy  to  es¬ 
tablish.  The  worst  probable  oper¬ 
ating  conditions  for  military  equip¬ 
ment  are  more  difficult  to  determine. 

Mr.  Heitner  feels  that  a  dual 
trend  exists  in  the  use  of  rating 
•sy.stems.  Low  power  or  receiving 
type  tubes  designed  chiefly  for  the 
home  entertainment  market  are 
being  rated  in  accordance  with  the 
design-maximum  system.  Special 
purpFKse  tubes,  transmitting  tubes 
and  military  tubes  are  continuing 
to  use  the  absolute-maximum  sys¬ 
tem.  Since  the  function  a  rating 
system  is  to  cla.ssify  tubes  so  that 
they  can  be  properly  used,  it  ap¬ 
pears  that  the  dual  system  is  best 
for  present  needs. 
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Driver-Karris  Alloys  at  work  in  Product  Advancement 


Improved  Mefal -To -Glass 
Alloy  Holds  Seals  Tight 
Against  Hydrogen 
at  250  Pounds  Pressure 

Development  of  Clare^  Mercury-Wetted  Contact  Relays 
aided  by  special  gas-free  Driver-Harris  #152  Alloy 


For  all  kinds  of  high-speed  switching  machines  and  devices 
which  demand  accuracy  and  dependability  of  the  highest 
order,  this  new  Clare  Type  HG  Relay  offers  a  combination 
of  high  speed,  high  current-and-voltage  capacity  with  re¬ 
markably  uniform  long-life  performance.  It  has  a  con¬ 
servative  life  expectancy  of  more  than  a  billion  operations 
when  operated  within  its  ratings  and  can  be  driven  at  speeds 
up  to  ZOO  operations  per  second. 

In  this  cutaway  view  (Z’a  x)  a  magnetic  switch,  her¬ 
metically  sealed  in  a  high-pressure  hydrogen  filled  glass 
capsule,  and  a  coil,  are  enclosed  in  a  steel  vacuum  tube 
type  envelope.  The  sw  itch  forms  the  core  of  the  coil  w  hich 
provides  the  magnetomotive  force  for  operating  it. 

The  glass  enclosed  switch  is  very  compact  and  small 
/f5/16”  diameter  x  2"  long)  yet  its  handling  capacities  of 
I5  amperes  and  500  volts  maximum  are  truly  remarkable. 

These  features  of  its  construction  make  this  possible.  In 
the  switch  segment,  the  platinum  contact  surfaces  arc 
wetted  and  protected  from  electrical  and  mechanical 
erosion  with  mercury  by  means  of  a  capillary  connection 
to  a  mercury  reservoir  below  the  contacts.  In  addition,  the 
high  hydrogen  pressure  enables  the  contact  gap  to  with¬ 
stand  a  high  voltage  gradient  without  breakdown. 

Keeping  the  gas  from  leaking  posed  a  production  prob¬ 
lem.  The  specifications  for  the  lead  wires  at  the  top  of  the 
switch  and  the  tubular  vacuum  stem  at  the  bottom  were 
stiff.  1.  Gas-tight  seal  against  hydrogen  at  250  PSI.  This 
was  difficult.  2.  Perfect  match  to  thermal  expansion  char¬ 
acteristics  of  the  glass.  3.  Good  ferromagnetic  properties. 
4.  Exceptional  surface  bonding  properties  since  the  per¬ 
missible  maximum  5  ampere  500  volt  limits  are  dictated 
rather  by  factors  relating  to  heating  of  the  metal-to-glass 
seal  than  the  current  handling  capacities  of  the  contacts. 

Driver-Harris  was  called  upon  to  produce  such  an  alloy 
and  succeeded  in  developing  a  special  gas-free  nickel-iron 
alloy  No.  152  which  meets  all  these  requirements  to  the 
complete  satisfaction  of  Clare  Engineers. 

Do  your  engineering  and  product  development  plans 
hinge  upon  a  special  alloy  —  w  hy  not  discuss  it  w  ith  Driver- 
Harris.  VVe  have,  since  1899,  produced  132  special  purpose 
alloys  in  just  this  fashion  —  in  answer  to  a  particular  prob¬ 
lem  and  extraordinary  specifications.  W'e  have  a  special 
bulletin  on  Sealing  Alloys  if  you  care  to  have  one.  Your 
inquiry  is  awaited.  tc.  P  Clare  *  Co..  Chicago,  iii. 

•T.M.  Reg.  U  S.  Pat.  Off. 


DRIVER-HARRIS*  COMPANY 


BRANCHES:  Chicago.  Detroit,  Cleveland.  Louisville 
In  Canada:  The  8.  GREENING  WIRE  COMPANY,  Ltd.,  Hamilton.  Ontario 


Distributor:  ANGUS-CAMPBELL,  INC.,  Los  Angeles,  San  Francisco 


MAKCRS  OF  THE  MOST  COMPLETE  LINE  OF  ALLOYS  FOR  THE  ELECTRICAL,  ELECTRONIC,  AND  HEAT-TREATING  INDUSTRIES 
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PRODUCTION  TECHNIQUES 


Grinding  Ceramics  by  Dual  Method  Is  Faster 


By  R.  B.  MrPHERSO>  Thermo  Materials.  Inc.,  Menlo  Park.  Calif. 


Combining  through-feed  and  in- 
feed  techniques  of  centerless  grind¬ 
ing  sharply  reduces  the  time  re¬ 
quired  to  finish  grind  cylindrical 
high  temperature  ceramic  compo¬ 
nents. 

While  the  combined  method  is 
primarily  used  to  grind  alumina 
components,  it  is  also  applicable  to 
metals.  Its  best  use  is  when  a  rela¬ 
tively  large  amount  of  stock  must 
be  removed  and  the  component  is 
out-of-round  or  tapered. 

Used  to  finish  parts  whose  irregu¬ 
larity  had  posed  severe  problems, 
the  method  has  cut  handling  time 
from  90  seconds  to  15  seconds  per 
part  at  the  Thermo  Materials  plant. 

In  one  case,  several  thousand 
hard-fired  alumina  components  had 
to  be  finish  ground  to  1,115 
inches  outside  diameter,  round  and 
straight.  Before  grinding  the  parts 
were  S  inch  long,  with  a  £  inch  hole 
and  an  outside  diameter  of  1.150 
inches.  They  tapered  to  1.135 
inches  OD  and  were  out  of  round 
by  0.020  to  0.030  inch.  The  grind¬ 
ing  wheel  is  a  DlOO  NIOOM  20-by- 
2-inch  diamond. 

In  grinding,  the  operator  places 
the  workpiece  in  position  on  the 
blade  inside  the  front  edge  of  the 
wheel  by  sliding  the  workpiece 
along  a  lucite  stick.  Then  the  in- 
feed  lever  is  carefully  operated 
until  the  workpiece  contacts  the 
grinding  wheel.  Next,  the  gap  is 
clo.sed  rapidly,  the  grinding  pha.se 
continuing  until  zero  position  of 
the  in-feed  lever  is  reached.  The 
part  moves  laterally  during  grind¬ 
ing  thus  clearing  the  entering  side 
«f  the  wheel.  The  lever  is  retracted 
in  preparation  for  the  next  piece. 

Grinding  time  is  approximately 
15  seconds  per  part,  with  no  break¬ 
age.  The  advantages  of  straight¬ 
ness  and  finish  that  result  from 
thru-feed  grinding  add  to  the  lon¬ 
gevity  of  the  diamond  wheel.  Trav¬ 
ersing  eliminates  the  risk  of  groov¬ 
ing  the  wheel  and  prevents  exce.s- 
sive  wear  in  any  one  place. 

First  trials  on  grinding  ceramic 
cylinders  made  use  of  work  feed 
chutes  and  the  thru-feed  method. 


Op«rator  positions  workpioce  by  slldinq  it  along  lucito  stick  (Isit). 
diamond  wheol.  grinding  of  anothsr  port  moy  start 


operator  time  to  in-feed  (plunge) 
grind  to  size.  Any  taper  or  wheel 
marks  were  removed  while  the  in- 
feed  was  on  zero  position  and  the 
work  traversed  the  remainder  of 
the  wheel. 

There  was  no  need  to  wait  for  a 
piece  to  clear  before  starting  an¬ 
other.  The  .second  piece  could  be 
started  shortly  after  the  plunge 
was  completed.  The  lever  was  re¬ 
tracted  in  readiness  for  loading  the 
next  piece.  This  stopped  the  trav¬ 
ersing  movement  of  the  part  being 
ground,  but  the  part  resumed  trav¬ 
ersing  when  the  in-feed  lever  again 
reached  the  zero  position. 


This  resulted  in  excessive  handling, 
breakage  and  other  difficulties.  At¬ 
tempts  were  also  made  to  u.se  in- 
feed  grinding.  The  lightness  of  the 
workpiece  and  its  rough  out-of- 
true  face  caused  the  piece  to  break 
on  contact  with  the  in-feed  stop. 

In  the  final  succe-ssful  attempt, 
the  in-feed  stop  was  removed  and 
the  pieces  allowed  to  traverse  the 
face  of  the  wheel  during  the  plunge 
cut.  After  the  in-feed  lever  had 
been  brought  to  zero  position,  the 
work  cleared  the  wheel  as  in  thru- 
feeding. 

The  slight  set-over  and  a  moder¬ 
ate  control  wheel  speed  gave  the 


Wire  Lists  Simplify  Assembling 

By  J.  D.  I  >01;  I  ELD 

Melpar,  Inc.,  Arllnjcton,  Va. 

Wiring  lists  prepared  by  methods 
technicians  cope  with  the  problem 
of  quickly  producing,  with  non¬ 
technical  personnel,  small  quanti¬ 
ties  or  single  units  of  as.sembiies 
during  developmental  manufactur¬ 
ing. 

The  methods  technician  first  pre¬ 
pares  a  “ma.ster  wire  list”  from 
the  schematic.  He  identifies  every 
connection.  Each  wire  item  is  num¬ 
bered  and  identified  by  color,  gage, 
connections  linked  and  route  fol¬ 
lowed. 

Wiring  decisions  are  next  re- 


Intpoclor  chocks  computed  unit  by  fol¬ 
lowing  master  wire  list 
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GENERAL  SPECIFICATIONS 

Frequency  Range  (mech.  tuning) 

12.4  to  15.5  kmc 

Heater  Voltage  (a-c  or  d-c) 

6.3  V 

Heater  Current 

0.55  amp. 

Beam  Voltage 

350  V  max. 

Beam  Current 

40  ma  max. 

Reflector  Voltage 

0  to  -350  V 

Heater-Cathode  Voltage  (peak) 

45  V 

SPERRY 


SRU-95  LOW-VOLTAGE  KLYSTRON 
FOR  KuBAND  MICROWAVE  TESTING 


Now  in  full-scale  production  is 
Sperry's  new  SRU-95  reflex  oscilla¬ 
tor  klystron  developed  especially  for 
use  as  a  signal  source  in  radar  test 
equipment. 

The  SRU-95  covers  the  frequency 
range  from  12.4  to  15.5  kmc  with 
two  reflector-voltage  modes,  one  with 
broad  bandwidth  and  the  other  with 
high  power.  It  delivers  a  minimum 
r-f  power  output  of  20  mw  into  a  load 
with  a  VSWR  of  less  than  1.1.  Small 
but  rugged,  the  SRU-95  has  superior 


mtxle  characteristics  for  automatic 
frequency  control  operation. 

important  features  include  wave¬ 
guide  output,  integral  cavity  and 
tuner,  single-screw  tuning  covering 
full  frequency  range  in  only  9  turns. 


Other  applications  for  the  SRU-95 
are  local  oscillator  in  microwave 
receivers  and  spectrum  analyzers, 
low-power  transmitting  tube,  and 
bench  oscillator.  Write  or  phone  for 
data  sheet  on  the  Sperry  SRU-95. 


hrrKKT  electrohic  tube  dd/isioh 

U|  I  llll  I  SPERRY  RAND  CORPORATION 
*  L 1 1 1  ^  Gainesville.  Florida 

ADDRESS  ALL  INQUIRIES:  GAINESVILLE.  FLORIDA,  OR  SPERRY  GYROSCOPE 
OFFICES  IN  BROOKLYN,  CLEVELAND,  SEATTLE.  SAN  FRANCISCO,  LOS  ANGELES. 
NEW  ORLEANS.  BOSTON,  BALTIMORE.  PHILADELPHIA. 
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WIRES  — 

WIRE _ 

NUMBER 


SPRINGS 


CABLE, 

PATH 


ROUTED 

LETTERS 


Diaqram  thowi  how  a  portion  oi  the 
cable  board  I*  laid  out 


corded  on  four  working  lists  used 
by  assemblers. 

A  “cable  running  list”,  used  in 
conjunction  with  a  cable  board, 
guides  cableforms  in  harnessing. 
The  board  requires  the  only  draft¬ 
ing  time.  Prints  made  from  the 
vellum  are  pasted  on  plywood.  Com¬ 
mon  nails  are  u.sed  as  guide  pins 
and  springs  hold  wire  ends. 

A  “board  wiring  list”  duplicates 
the  appearance  of  the  finished  com¬ 
ponent  board,  to  guide  a.s.semblers 
of  component  boards,  jumpers  and 
pigtailed  wires.  A  “jumper  list” 
locates  jumpers.  Jumpers  are  short 
wires,  not  precabled,  which  are  first 
to  be  put  into  the  chassis.  After 
the  cables  and  compt)nent  boards 
are  installed  and  ready  for  final 
hookup,  a  ‘‘hookup  list”  is  followed 
by  the  assembler  who  connects  and 
solders  all  harne.H.s  and  pigtailed 
wires. 


Simple  Code 

An  elementary  code  is  u.sed  in  the 
lists.  “From”,  “to”  and  position 
columns  refer  to  circuit  .symbol 
numbers  on  the  chassis  (required 
by  most  military  specifications) 
and  schematics.  The  dash  numbers 
refer  to  component  pin  numbers  or 
IcKation. 

Cable  routes  are  lettered  on  the 
cable  board.  Routes  are  assigned 
only  if  a  wire  may  be  routed  in 
different  ways.  Small,  non-cabled 
jumpers  are  not  given  routes  and 
no  routing  is  required  for  pre¬ 
formed  cable. 

Additional  work  performed  by 
the  methods  technician  in  recording 
his  decisions  and  designing  a  har¬ 
ness  board  is  offset  by  several  ad¬ 
vantages. 

The  procedure  enables  u.se  of 
production  workers  w’ith  specialized 


Ready,  as  a  “building-block”  for  your  system  application ...  Hallamore 
Model  0162,  phase-lock  discriminator,  a  compact  plug-in  type  unit,  has 
been  thoroughly  proven  in  telemetering  systems  of  major  missile  programs. 
Designed  around  a  concept  entirely  new  to  telemetry,  it  eliminates  signal 
suppression  by  noise... non-linearity  as  a  result  of  filtering... thresholding, 
common  at  low'  signal-to-noise  levels.  For  quick  action,  wire  Hallamore 
Electronics  Company,  Dept.  24P,  8352  Brookhurst  Avenue,  Anaheim, 
California  /  TWX :  AH-9079. 


HALLAMORE 

ELECTRONICS 

COMPANY 


a  division  of  The  Siegler  Corporation 


Forerunner  in  System  Development 
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Air  Force  space  and  operational 
jyrograms  offer  you 
unique  professional  challenge 
and  oppoHunity 

as  a  civilian 


Among  the  myriad  current  and  projected  programs  of  the  U.  S. 
Air  Force  lies  a  challenge  and  opportunity  for  civilian  electronic  and 
electrical  engineers  with  varying  degrees  of  specialty  and  experience. 
These  areas  include:  the  research,  development  and  maintenance 
essential  to  sustaining  qualitative  superiority  for  the  operational 
Air  Force;  research  and  development  in  IRHM  and  ICBM  fields;  the 
projection  into  outer  space  and  return  of  manned,  piloted  vehicles. 
Stimulating  assignments  now  exist  for  qualified  men  in  these 
categories. 

As  an  Air  Force  Civilian  Electronic  or  Electrical  Engineer  you: 

WORK  ...  in  a  fine  creative  atmosphere  . . .  with  foremo.st  men  in  the 
field  . . .  with  most  modern  equipment  and  facilities  ...  in  more  than 
one  specific  program  ...  in  geographic  Iwation  of  your  choice. 

RECEi  VE  ...  assured  income ...  low-cost  life  insurance ...  promo¬ 
tions  from  within  . . .  excellent  retirement  and  compensation  plans  . . . 
protection  from  arbitrary  .separation  . . .  liberal  sick  and  vacation 
leave  plans. 

ENJOY. ..  expanded  scope  of  assignment ...  profe.ssional  prestige 
and  recognition  . . .  job  satisfaction  . . .  participation  in  opening  new 
frontiers  and  conquering  space. 

For  full  details  mail  the  coupon  below. 


Paste  on  Postcard  and  Mail  or  Write  to: 

.\ir  Force  Civilian  Personnel,  Dept.  KL21 
Box  7608,  Wushington  4,  D.  C. 

Please  send  me  further  information  on  U 
Air  Force  Civilian  Personnel  opportunities. 


Name. 


CREATIVITY 


Specialty 


Address. 


.Zone _ State. 
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EUc»roni<  feuihin9», 

Iniulolors 

and 


Rod  It  Tubing 


HAVE  YOU 
CONSIDERED 
THE  IMPORTANT 
ADVANTAGES  OF 

FILLED  TEFLON*? 


•SlDIK 


Wlro  lists  haue  columns  ior  wiro  num- 
bor.  color  and  gage,  roulo  ond.  li 
noodod,  soldaring  dirocUons.  Excapllon 
is  board  wiring  list,  which  looks  Ilka 
componant  board 


Formod 

Ootkat* 


skills.  There  is  product  consistency 
and  the  process  may  be  repeated 
later  without  methods  participa¬ 
tion.  The  lists  simplify  wiring  in¬ 
spection  in  quality  control. 

Shops  get  all  information  in  a 
standard  form  regardless  of  vari¬ 
ances  in  customer  specifications 
and  engineering  group  standards. 
Production  lead  time  is  reduced 
becau.se  all  engineering  changes  in 
the  design  prototype  are  incorpo¬ 
rated  in  the  process  sheets.  Proto¬ 
types  are  made  almost  as  quickly  as 
units  in  production  runs. 


Volva 

Saott 

and 

Fockingt 


It  Heis  been  definitely  established  that  the  value  of  Teflon  can  be 
considerably  enhanced  by  the  use  of  fillers  in  certain  applica¬ 
tions.  Laboratory  and  field  experience  has  demonstrated  that  the 
use  of  fillers  permit  Teflon  to  be  more  readily  tailored  to  a  wide 
variety  of  chemical,  electrical  and  mechanical  applications.  Also, 
some  mechanical  properties  can  be  improved.  These  include: 

1)  resistance  to  deformation  under  load 

2)  resistance  to  wear 

3)  thermal  conductivity 

4)  compressive  strength 

5)  hardness 

By  thus  improving  its  properties,  Teflon  now  offers  even  greater 
industrial  potential.  This  is  the  reason  filled  Teflon  has  become 
an  important  item  in  the  “John  Crane”  Chemlon*  line  of  better 
Teflon  products. 

Chemlon  is  available  with  such  fillers  as  glass  fiber,  carbon, 
graphite,  copper  and  bronze,  talc,  calcium  fluoride  and  other 
inorganic  materials. 

Tell  us  about  your  requirennents.  We’ll  tell  you  the  advan¬ 
tages  you  can  get  firom  filled  Chemlon.  Request  Bulletin  T-104. 

Crane  Packing  Company,  6402  Oakton  Street,  Morton  Grove, 

Illinois,  ^Chicago  Suburb)^  >»  Canada  Oan*  Podung  Co.,  Ud  .  Hanuhon.  Om 
*DuPont  Trademark 


Tension  Meters  Clip 
Onto  Wire  in  Winding 

Tension  measurement  and  con¬ 
trol  are  often  important  in  the 
processing  of  filaments  and  tapes 
and  in  production  of  wire-wound 
components.  Excessive  tension  may 
stretch  wire,  changing  its  resist¬ 
ance,  damaging  insulation  or  other¬ 
wise  influencing  component  quality. 
Tension  can  also  affect  perform¬ 
ance  of  recording  tape,  cables  and 
other  products. 

A  .simple  method  of  monitoring 
tension  during  winding  is  afforded 
by  tension  meters,  according  to 


umiic  MkCHihis  rnttAO  com^ouwos 
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FREQUENCY  STANDARDS 


•SH-hijfh 
400  - 1000  cy. 


PRECISION  FORK  UNIT 
TYPE  50 

Size  1"  dia.  x  5%"  H.*  Wght.,  4  oz. 
Frequencies:  240  to  1000  cycles 
Accuracies: — 

Type  50  (±.02%  at  —65*  to  85*C) 
Type  RiiO  (±.002%  at  15*  to  35*C) 
Double  triode  and  5  pif^tail  pai-ts  required 
Input,  Tube  heater  voltajre  and  B  volta^ 
Output,  approx.  5V  into  200,000  ohms 


FREQUENCY  STANDARD 
TYPE  50L 

Size  X  kVi”  X  S'/i-  High 
Weight,  i  lbs. 

Frequencies:  50,  60,  75  or  100  cycles 
Accuracies: — 

Type  SOL  (±.02%  at  —65*  to  85*C) 
Type  R50L  (±.002%  at  15*  to  35*C) 
Output,  3V  into  200,000  ohms 
Input,  150  to  300V,  B  (6V  at  .6  amps.) 


•3  >4"  high 
400  to  500  cy. 
optional 


PREQSION  FORK  UNIT 

TYPE  2003 

Size  1 14”  dia.  x  4*/4”  H.*  Wght.  8  oz. 
Frequencies:  200  to  4000  cycles 
Accuracies: — 

Type  2003  (±.02%  at  —65*  to  8.5*C) 
Type  R2003  (±.002%  at  15*  to  35*C) 
Type  W2003  ( ±.005%  at  —65*  to  85*C) 
Double  triode  and  5  pii^ail  parts  required 
Input  and  output  same  as  Type  50,  above 


FREQUENCY  STANDARD 

TYPE  2005 

Size,  8”  X  8”  X  High 
Weight,  H  Iba. 

Frequencies:  50  to  400  cycles 
(Specify) 

Accuracy:  ±.001%  from  20*  to  30*C 
Output,  10  \7atts  at  115  Volts 
Input,  115V.  (50  to  400  cycles) 


FREQUENCY  STANDARD  , 

TYPE  2007-6 

TRANSISTORIZED,  Silicon 

Size  1  dia.  x  3»/4”  H.  Wght.  7  oze. 
Frequencies:  400  —  500  or  1000  cycles 
Accuracies: 

2007-6  ( ±  .02%  at  —50*  to  -f85*C) 
R2007-6  (±.002%  at  +15*  to  +35*C) 
W2007-6  (±.005%  at  —65*  to  +125*C) 
Input:  10  to  30  Volts,  D.  C.,  at  6  ma. 
Output:  Multitap,  75  to  100,000  ohms 


FREQUENCY 
STANDARD 
TYPE  2I2IA 
Size 

X  19"  jMinel 
Weight,  25  lbs. 

Output:  115V 
60  cycles,  10  Watt 
Accuracy: 

±.001%  from  20*  to  30*C 
Input,  115V  (50  to  400  cycles) 


Js 


FREQUENCY  STANDARD 
TYPE- 2001-2 

Size  J*4”  X  X  6"  //.,  irfirht.  26  or. 
Frequencies:  200  to  3000  cycles 
Accuracy:  ±.001%  at  20*  to  30*C 
Output:  5V.  at  250,000  ohms 
Input:  Heater  voltage,  6.3-12-28 
B  voltape,  100  to  300  V.,  at  5  to  10  ma. 


FREQUENCY  -  - 

STANDARD  ■  ^ 

TYPE  21 1 1C  *  Hi:::::  ^ 

Sire,  with  cover  :;«!! 

10"xl7"x9"H.  - -  •‘**** 

Panel  model  \ 

10"  X  19"  x8H"  H. 

Weight,  25  lbs. 

Frequencies:  50  to  1000  cycles 
Accuracy:  (±.002%  at  15*  to  35*C) 

Output:  115V,  T5W.  Input:  115V,  50  to  75  cycles. 


m 


ACCESSORY  UNITS 
for  TYPE  2001-2 

L — For  low  frequencies 

multi-vibrator  type,  40-200  cy. 

D — For  low  frequencies 

counter  tyi>e,  40-200  cy. 

H — For  high  freqs,  up  to  20  KC. 

M — Power  Amplifier,  2W  output. 

P  — Power  supply. 


This  organization  makes  frequency  standards 
within  a  range  of  SO  to  30,000  cycles.  They  are 
used  extensively  by  aviation,  industry,  govern, 
ment  departments,  armed  forces — where  maxi¬ 
mum  accuracy  and  durability  are  required. 

WHEN  REQUESTING  INFORMATION 
PLEASE  SPECIFY  TYPE  NUMBER 


American  Time  Products,  tne. 


Telephone:  PLasa  7«1430 


Tttning  Systems 


5S0  Fifth  Ave„  New  York  36,  N.  Y. 
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•  R-F  RECEIVER  DESIGN 

•  INERTIAL  NAVIGATION 

Two  of  many  areas  In  Avionics 
in  which  Bell  Aircraft  has  openings 
for  qualified  electronics  engineers 

Particularly  good  opportunities  are  now  available  for 
engineers  with  radio  frequency  exj>erience  in  the  100 
kilocycle  to  35,000  megacycle  range  with  emphasis  on 
transistorizing  of  circuits . . .  and  for  those  with  experi¬ 
ence  in  inertial  instrumentation  design  and  evaluation, 

Present  openings  include  assignments  in: 

•  Pulse  and  Digital  Coding 

•  Identification  Systems 

e  Electronic  Counter  Measures 
e  Landing  Systems 
e  Digital  Computers 

e  Precise  Instrumentation  Development 

These  assignments  einhrace  a  wide  range  of  high  level 
design  and  ilevelo[mient  problems  which  will  afford  full 
scope  to  your  creative  ingenuity  with  unusual  oppor 
tunities  for  rapid  a<lvancement  and  profes¬ 
sional  recognition.  Salaries  commensurate 
with  your  background,  good  living  and  work¬ 
ing  conditions,  and  liberal  benefits.  Please 
write:  Sujwrvisor  of  Engineering  Employ¬ 
ment,  Dept.  H-28,  BELL  AIRCRAFT  CORPORATION,  P.O. 

Box  I,  Buffalo  S,  N.  Y. 


Tension  meter  mounted  to  itim  up  ten- 
•ions  accumulated  in  coil  winding  wire 


Tensitron,  Inc.,  Harvard,  Mass.  In 
a  coil-winding  operation,  for  ex¬ 
ample,  the  meter  may  be  bracket- 
mounted  to  monitor  the  wire  just 
before  it  reaches  the  coil.  The  ar¬ 
rangement  will  sum  up  the  tensions 
built  up  in  the  wire  during  the 
winding  prttce.ss.  Adjustments  to 
bring  the  wire’s  tension  within  a 
safe  limit  may  be  made  to  the  wind¬ 
ing  machine’s  mechanism  while  the 
wire  is  in  motion.  Or,  servome¬ 
chanisms  may  be  constructed  for 
automatic  adjustments. 

The  meter  may  also  be  used  to 
find  an  approximate  safe  operating 
tension  for  a  particular  wire.  A 
sample  length  of  wire  is  tied  to  a 
post  and  stretched  by  hand  with 
the  meter  placed  on  the  wire.  As 
the  wire  is  stretched  further  by 
hand,  the  tension  reading  will  in¬ 
crease  up  to  a  certain  level,  beyond 


Triggor-oporated  teniion  meter 

which  the  tension  reading  fails  to 
increase  and  the  wire  is  elongated. 
One-fourth  of  the  yield  tension 
may  be  taken  as  a  safe  operating 
tension. 

Two  types  of  wire  tension  meters 
are  illustrated.  One  type  uses  a 
trigger  mechanism  to  engage  run¬ 
ning  wires  up  to  AWG  .30  in  size.  A 
lever  mechanism  is  used  with 
heavier  wires.  Three  rollers  guide 
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Tranjitron 

SILICON  RECTIFIERS 


Big 

Performance 

600  volts  •  450ma 


Higher  voltage  and  current  ratings  ore  now  yours  in  two  compact  packages.  These  hermeticall/ 
sealed  axial  lead  units  are  easily  mounted  in  terminal  or  printed  board  assemblies,  offering 
real  design  versatility.  They  are  ideal  for  a  wide  range  of  limited-space  applications. 


Subminiature  Giass  Types 

Transitron’s  Subminiature  Glass  Silicon  Rectifiers 
now  pack  ratings  to  600  volts  and  400ma  ( 150ma 
at  ISO'C).  Rugged  and  reliable  at  temperatures 
to  17S°C,  these  units  are  thoroughly  tested  under 
the  most  severe  operating  conditions.  They  give 
excellent  service  in  subminiature  power  supplies, 
D.C.  blocking,  high  voltage  series  strings  and 
other  applications  where  space  is  at  a  premium. 


Miniature  Types 

Ratings  of  600  volts  and  450ma  (200ma  at  150-C) 
arc  now  available  in  the  economical  Miniature 
package  —  constructed  without  the  wide  flange 
that  often  interferes  with  compact  mounting  in 
printed  circuits.  These  Miniature  types  serve  well 
in  blocking  circuits,  power  supplies,  and  such 
critical  applications  as  magnetic  amplifiers, 
where  low  inverse  leakage  is  essential. 


Type 

feok 

toewrrent 

Inverie 

Oporoting 

Voitogo 

(voitti 

Maiifflvffl 
Averog# 
Ferword 
Current 
^  150''C 
("«*) 

AAoiirnum 

Averogo 

Forward 

Current 

@  25’C 
(mo) 

Moxtmum 
Invert# 
Current 
@  150*C 
(mo) 

1N689 

600 

150 

400 

.2 

1N649 

600 

150 

400 

1N684 

400 

150 

400 

.2 

1N647 

400 

150 

400 

1N679 

200 

150 

400 

.2 

IN677 

too 

150 

400 

.2 

Typ* 

feok 

l•<wrr•nt 

Invert# 

Opgroting 

Velfoge 

(voitt) 

Maiimuni 

Averoge 

Fofword 

Current 

9  150"C 
(mo) 

Moiimuni 

Average 

Forward 

Current 

25‘C 

(mo) 

Moiimuni 

Inverse 

Current 

9  150'C 
(mo) 

TJ60A 

600 

200 

450 

.5 

TJ40A 

400 

200 

450 

.5 

TJ30A 

300 

200 

450 

.5 

TJ20A 

200 

200 

450 

.5 

TJlOA 

too 

200 

450 

.5 

SEND  FOR  BULIETIN  TE-1331 
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electronic  corporation  *  wakefield,  m  as  s  ac  h  u  s  etts 


Trantiiten. 


Diodes  Rciulators 


Rectifiers 


electronic  tube  corporation 


1200  E  MERMAID  LANE 


ITC  4*^  Rack  Panel  Oscilloscope 

that  opens  new  testing  horizons 


LATcr  U  used  to  engage  heaey  wire 


the  wire.  Two  rollers  are  fixed  a.s 
reference  positions  and  the  third, 
acting  as  a  dancer  arm,  is  deflected 
in  proportion  to  tension  on  the 
wire.  A  gear  train  amplifies  the 
deflection  so  that  it  is  read  on  a 
dial  as  pounds  or  grams  of  tension. 
Rollers  adapted  to  tapes,  films,  foils 
and  webs  may  be  used  with  both 
types. 

A  full  di.scussion  of  the  cau.ses 
and  effects  of  tension  is  contained 
in  a  paper  which  Erwin  .1.  Saxl, 
president  of  Tensitron,  presented 
before  the  1958  IRE  Convention. 


5"  scope 
performance 

WITH  A  NEW 
SQUARE  TUBE 


Here,  at  last,  is  a  full  quality,  truly 
professional  ’scope  priced  within  easy 
reach  .  .  .  and  designed  to  a  size  that 
can  be  used  in  practically  any  rack¬ 
mounting  set-up,  even  where  space  is 
distinctly  limited. 

The  “heart”  of  this  miniaturized  ETC 
Model  K-IO-R  assembly  is  its  unique 
ETC  Type  41HAP1  square-faced  3  Vi 
C-R  tube.  This  provides  a  raster  size 
equivalent  to  that  of  a  conventional 
5"  round  tube. 


Small  Speedy  Shear 
Has  Versatile  Table 


HIGHLIGHT  SPECIFICATIONS 

•  CRT  type  41HAP1. 

•  115  V.  A.C.,  60-400  eye. 
±10%. 

•  Sensitivity:  .028  v./in.  (ver¬ 
tical  amplifier),  0.3  v./in. 
(horizontal)  P/P. 

•  Frequency  response  flat  to 
D.C.;  vert,  amplifier  3db  @ 
300  kc.;  horiz.  amplifier  10% 
@  100  kc. 

•  Input  impedance  2  megohms, 
40  mif. 

•  Linear  sweep  time  base  2  cps. 
to  30  kc.,  0.5  sec.  to  33  tisec. 

•  Amplitude  0. 1  v.  P/P.  Square 
wave  at  power  line  fre¬ 
quency.  Accuracy  overall 
±1%. 

•  5.25*  high  X  19*  wide  x 
11.375*  deep. 

•  Printed  circuits. 


Operational  features  of  the  K-IO-R 
far  exceed  those  of  ordinary  ’scopes 
of  comparable  size  or  price. 


Headquarters  for  MULTI-BEAM 
OSCILLOGRAPHY  and 
dependable  C-R  Tubes 


High  production  rate  on  .shearing 
of  small  component  parts  is  ob¬ 
tained  at  Hewlett-Packard  Co., 
Palo  Alto,  Calif.,  through  use  of 
new  Lodge  and  Shipley  24  inch 
shear.  Photo  shows  operator  feed¬ 
ing  10-gage  aluminum  folding 
stock  into  shear  at  400  per  hour 
rate  production  of  fan  bracket 
plates  for  frequency  counter. 

Machine’s  blade  operates  at  120 
strokes  per  minute.  End-around 
work  table  is  drilled  with  holes  to 
accept  varying  guides  and  tem¬ 
plates.  Table  can  accommodate 
more  than  one  set-up  for  sequenced 
operations  on  same  workpiece. 


Standard  and  special  ETC  oscillo¬ 
scopes  range  from  single-channel  styles 
such  as  the  K-IO-R  (above)  to  types 
recording  from  2  to  8  channels  on  a 
single  tube  face.  ETC  Cathode  Ray 
Tubes  range  from  single-gun  to  10-gun 
types.  Write  for  catalog. 


WRITE  FOR 
COMPLETE 
SPECI¬ 
FICATIONS 
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IRE  commemorates  the  tenth  anniversary  of  a  major  breakthrough  in 
solid  state  electronics  by  devoting  the  entire  June  issue  of  PROCEED¬ 
INGS  OF  THE  IRE  to  an  up-to-date  summary  of  progress  and  advances 
in  transistors.  So  small  that  many  can  be  held  in  the  palm  of  one  hand, 
these  tiny  components  have  ended  our  50  year  dependence  on  vacuum 
tubes.  Without  transistors,  our  intricate  guidance  and  communication 
systems  for  missiles  would  be  incredibly  big  and  heavy.  With  them, 
whole  new  technologies  are  being  developed,  not  only  for  defense  but 
for  industry  and  commerce  as  well. 

June  IsBue  ot  Proceedings  the  IRE  is 
the  Re-w  Stenderd  Reference 
HITork  on  'Transistors 

Only  once  before  has  PROCEEDINGS  devoted  an  entire  issue  to  tran¬ 
sistors.  That  was  in  November,  1952.  Despite  a  substantial  overprinting, 
every  copy  was  sold  within  3  months.  This  classic  issue,  coming  at  a 
time  when  there  were  no  books  and  few  papers  on  the  subject,  is  still 
considered  one  of  the  basic  references  on  the  subject. ..a  suitable  com¬ 
panion  to  the  definitive  Solid-State  Electronic  issue  of  December,  1955 
and  the  Ferrites  issue  of  October,  1956. 

Now,  to  mark  the  tenth  anniversary  of  the  transistor,  PROCEEDINGS 
presents  the  latest  advances  in  theory  and  application  in  the  June,  1958 
issue.  Here  you  will  find  introductory  articles  by  its  inventors — Shockley, 
Bardeen  and  Brattain — specially  Invited  papers  reviewing  progress  in 
all  facets  of  the  subject,  contributed  papers  reporting  the  latest  and 
more  important  advances  in  the  field.  Be  sure  to  order  your  copy,  today! 


Pax*tial  Contents: 

The  Technological  Impact  of  Transistors,"  by  J.  A.  Morton  &  W.  J.  Pietenpol,  Bell  Labs. 

"The  Status  of  Transistor  Research  in  Compound  Semiconductor^"  by  D.  A.  Jenny,  RCA. 

"Survey  of  Other  Semiconductor  Devices,"  by  S.  J.  Angello,  Westinghouse. 

"Electrons,  Holes  and  Traps,"  by  W.  Shockley,  Shockley  Semiconductor  Lab. 

"Recombination  in  Semiconductors,"  by  G.  Bemski,  Bell  Labs. 

"Noise  in  Junction  Transistors,"  by  A.  van  der  Ziel,  University  of  Minnesota. 

"Formation  of  Junction  Structures  by  Solid  State  Diffusion,"  by  F.  M.  Smits,  Bell  Labs. 

"Germanium  and  Silicon  Rectifiers,”  by  H.  Henkels,  Westinghouse. 

"The  Potential  of  Semiconductor  Diodes  in  High-Frequency  Communications,”  by  A.  Uhlir.  Bell  Labs. 

"Advances  in  the  Understandings  of  the  P-N  Junction  Triode,”  by  R.  L.  Pritchard.  Texas  Instruments. 

"Power  Transistors,"  by  M.  A.  Clark,  Pacific  Semiconductors. 

"Application  of  Transistors  in  Computers,”  by  R.  A.  Henie  &  J.  L.  Walsh,  IBM. 

"Application  of  Transistors  in  Communication  Equipment,"  by  D.  D.  Holmes,  RCA. 

"Characteristics  Data  on  Silicon  and  Germanium,”  by  E.  Conwell,  Sylvania. 

• 

•  _  _ 

•  Xhe  Institute  of  Radio  En^ineeps 

•  1  East  79th  St.,  New  York  21,  N.  Y. 

•  O^^closed  is  $3.00  Q Enclosed  is  company  purchase  order  for  the  June 

:  1958  issue  on  Transistors. 

Send  this  special  issue  of  Proceedings  of  the  IRE  to: 


COMPANY- 


CITY  t  STATE- 


All  IRE  members 
will  receive  this  June 
issue  as  usual. 

Extra  copies  to 
members,  $1.25  each 
{only  one  to  a  member). 
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NEW  PRODUCTS 


Microwaves  Spur  New  Parts 


(1)  Dimiiond  Antenna  &  Microwave  Corp.,  rotary  joints.  (2)  Narda  Microwave  Corp.,  coaxial  couplers.  (^)  Rav- 
thcon  Mfg.  Co.,  ferrite  circnlator.  (4)  Monogram  Precision  Industries,  Inc.,  load  isolator.  (5)  riioinpson  Products, 
Inc.,  waveguide  switch.  (6)  PR&'D  Co.,  sliding-load  waveguide. 


Microwave  equipment  business  is  ballooning  into  the  nuilti-billion- 
dollar-a-year  category.  \cw  equipment  designs  rely  on  asailability  of 
new  and  improsed  microwave  components. 

Series  No.  45  waveguide  rotary  joints  offered  by  Diainond  Aiiteiiiia  &• 
Microwave  Corp.,  7  North  Avc.,  Wakefield,  Mass.,  (500),  arc  of  the 
in-line  tvpc  and  feature  broadband  operation  at  high  sjKcds.  I'hcy 
employ  novel  transducers  from  rectangular  to  loaded  circular  waveguide. 

Narda  Microwave  Corp.,  118-160  Herricks  Road.  Mincola,  N.  Y., 
(501),  announces  a  new  broadband  series  of  coaxial  couplers  covering  a 
IVz  to  1  frequency  range  with  flat  coupling  and  high  directivity  from 
4,000  to  10,000  me.  Models  arc  available  for  10,  20  and  50  db  coupling. 

Now  available  from  Raytheon  Mfg.  Co.,  Waltham  54,  Mass.,  (502),  is 
model  CCMl  microwave  ferrite  circulator  for  use  in  C-band  transmis¬ 
sion  and  reception  systems.  It  is  only  578  in.  long.  4V4  in.  high,  and 
514}  in.  wide.  It  readily  replaces  conventional  gas-tube  duplexers. 

Monogram  Precision  Industries,  Inc.,  Ixis  Gatos,  Calif.,  (505)  intro¬ 
duces  model  XLl  57  Unilinc  ferrite  load  isolator.  Used  to  prov  idc 
substantial  isolation  lx,*tvvccn  a  microwave  source  and  its  load  with 
negligible  loss  in  transmitted  power,  it  removes  the  reactive  loading 
effect  caused  by  long  transmission  lines  or  frequency  pulling  of  magne¬ 
tron  or  klystron. 

In  production  at  I  honipson  Products,  Inc.,  2196  Clarkvvood  Rd., 
Cleveland  5,  Ohio,  (504),  is  a  double  ridged  waveguide  switch  which 
provides  broad  frequency  characteristics  for  DR  19  or  equivalent  wave¬ 
guide.  'ITic  actuator  is  radio  noise  free  and  equipped  with  interlock 
circuitry. 

Polytechnic  Research  and  Development  Co.,  Inc.,  202  'I'illary  St., 
Brooklyn  1,  N.  Y.  (505),  announces  a  new  series  of  sliding  waveguide 
terminations  with  frequency  ranges  from  2.6-5.95  kmc  to  26.5-40  kmc, 
and  a  maximum  vswr  of  1.01. 

For  more  information  use  READER  SERVICE  CARD 


D-C  VTVM 

low  cost  unit 

.Mii.i.iv.ve  Insirumems,  Box  Ob'", 
Schencctadv,  N.  Y.  Model  M\'-5~.\ 
sensitive  preeision  d-c  vtvm  is 
prieed  at  S790.  .\ceuracv  is  i  [kt- 
eent  absolute  (not  full  seale).  Meas¬ 
uring  range  is  100  /iv  to  1  kv  .  Input 
uupedauee  is  6  uiegohms  on  low 
ranges.  60  meg  from  1  v  u]).  Pre¬ 
cision  measurements  are  made 
through  automatic  comparison  of 
accurate  calibration  signals,  taken 
frmn  a  standard  eell-controllcd  1  kv 
d-c  supplv.  with  the  unknown  volt¬ 
age.  Circle  506  on  Reader  Service 
C^ard. 

(Confinuad  on  peg*  134) 
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Through  the  four  necessary  steps  to  produce 
transformers  for  Electronic  applications,  Moloney 
uses  the  best ...  in  men  ...  in  facilities  ...  in 
material.  I'hat  basically  is  why  Moloney 
is  recognized  as  a  producer  of  quality 
prtiducts.  Yes,  recognized  for  the 
quality  of  engineering,  processing, 
assembly  ...  and  testing.  Experience 
and  facilities  thus  combined  assure 
purchasers  of  the  best  product 
for  their  needs. 


Write  tor  Catalog  SR  308 
"HyperCorei  (or  Magnetic 
Componentt**  and  Catolog 
ST  3506  "Mognelic  Com¬ 
ponentt  for  Electronic  Appli¬ 
cation!." 


Plato  and  Filamont  Transformers  •  Choices  •  Unit  Rectifiers  •  Modulation  Transformers 
and  Reactors  •  Pulse  Transformers  and  Charging  Choices  •  HyperCores  for  Magnetic  Components 
Developmental  Magnetic  Components  •  Power  and  Distribution  Transformers 
SALES  OFFICES  IN  All  PRINCIPAL  CITIES  #  FACTORIES  AT  ST.  LOUIS  20,  MO.  AND  TORONTO,  ONT.,  CANADA 
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ADC  s 


TEST 

REPORTS 

SAVE 

MONEY 


TJxpensive  testing  hours  are 
saved  by  the  accurate  and  complete 
test  reports  submitted  with  each  ADC  sample. 

The  transformer  illustrated  above  is  typical.  Specifications 
called  for  an  output  transformer  for  a  high  power,  ultrasonic 
application.  The  sample  was  promptly  submitted  with 
complete  test  data  and  outline  drawings. 

As  is  its  custom,  ADC  also  included  the  test  circuit  so  that  tho 
customer  could  see  how  the  test  data  was  obtained, 
and  more  easily  verify  test  results. 

From  sample  design  through  production,  you’ll  like  the  way 
ADC  fulfills  your  transformer  and  filter  requirements. 


Indicators 
show  temperature 

Arthur  C.  Ruck  Associaiks,  Inc., 
7^?  Concord  .\vc.,  Cambridge, 
Mas.s.,  lias  dc\clo|xd  two  portable, 
easily  operated  temperature  indi¬ 
cating  instruments— one  a  single 
eliannel  indicator  and  the  other 
multielianncl-to  lx  used  with  their 
RdK  resistance  thermometers.  Il¬ 
lustrated  is  the  multiehannel  t\pe 
with  built-in  calibration  controls, 
easy  readability  and  simplicity  of 
operation,  and  a  front  panel  se 
lector  switch  permitting  monitoring 
of  up  to  10  points.  'Ihere  is  also  a 
prosision  for  recorder  connection 
through  a  jack  on  the  rear  of  the 
panel.  Range  is  0  to  sOO  I'  stand¬ 
ard.  Seale  diyisions  are  10  !•'  and 
10  C;  readable  to  approximately 
2.S  I'.  C'ircle  ^07  on  Reader  Serv¬ 
ice  CJard. 


(AD© 


ADC  CATALOG! 


AUDIO  DEVELOPMENT  COMPANY 

2t3t -13th  Avanue  South  •  Minnoopolit  7,  Minneteto 

TRANSFORMERS  •  REACTORS  •  FRTERS  .  JACKS  R  PIUOS  •  JACK  FANEIS 


V-R  Power  Supplies 
transistorized 

W'l  SIl  RN  Cl  AR  C'ORP.,  P.O.  Box 

182,  Lynwood,  Calif.  Operating 
from  a  1 1  s-\  60  eps  a-c  power 
source,  the  model  7P\'Rl-4  transis- 
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DESIGNERS 


torizcd  voltage  regulated  power 
Mipph  provides  three  channel  out¬ 
puts— ±:  2  V  d-c  at  2.5  amperes,  ±5 
V  d-c  at  2.5  anif>eres,  and  ±20  v 
d-c  at  2.5  amperes.  .Ml  channels  arc 
regulated  to  ±  0.5  percent.  Ilie 
regulatory  circuits  are  referenced  to 
temperature  compensiited  Zener 
diodes.  Vernier  adjustments  of  out¬ 
put  voltages  are  proxided.  Circle 
308  on  Reader  Scrxicc  Card. 


Universal  Chopper-Stabilized  Amplifier 


D-C  Amplifier 
low-level  type 

Bkckm.vn  Sysikms  Division.  325 
North  Muller  .\\c.,  .\nahcim,  Calif. 
'Ilic  i  riCO  (Moating  Input  To 
Grounded  Output)  loxv-lexel  d-c 
amplifier  uses  solid  state  compo¬ 
nents  throughout,  resulting  m 
greater  reliahilitv.  The  unit  is  used 
to  amplify  signals  from  thermo¬ 
couples.  strain  gages,  pressure  trans¬ 
ducers  and  other  sensing  elements 
of  this  type.  Circle  309  on  Reader 
Senice  Card. 


CHARACTERISTICS 
OF  TYPE  175  CHOPPER 


Airpax  60-CfS  chapper  Type  175 
is  a  miniature  unit  with  permanently 
adjusted  SPOT  BBM  centacts. 


pen-loop  gain  of  this  opera¬ 
tional  amplifier  drops  at  6  db/octave 
over  entire  working  range.  This  feature 
enables  the  user  to  shape  the  response  from 
DC  to  well  above  100  KC  by  means  of 
feedback  to  meet  nearly  any  application. 

Grid  current  at  the  input  is  completely 
eliminated.  Drift  and  noise  are  held  under 
100  microvolt  referred  to  the  input  by  a 
stabilized  preamplifier  stage  using  an 
Airpax  Type  175  chopper. 

The  amplifier  is  manufactured  by 
George  A.  Philbrick  Researches,  Inc., 
Boston  10,  Massachusetts. 

The  chopper,  naturally,  is  by  Airpax. 


DRIVE 

Frequency  . .  60  ±3  CPS 
Veltate  . . .'.  6.3  :i:0.6  RMS  velts 


CONTACTS 

Dwell  Time  .  167  it  10  electrical  de^. 

Balance _ within  15  electrical  de|. 

Phase  Angle  20  ±5  electrical  deg. 
Valtage  . . . .  up  te  100  DC  velts 
Current  . . . .  up  te  2  MA 
Neise . 50  micrevelts  average 

Hermetically  sealed  fer  treuble-free 
eperatien  in  any  atmosphere; 
internal  mechanism  rigidly  mounted 
te  withstand  shock  and  vibration 
encountered  in  portable  equipment. 


Receiving  Tube 
tiny,  low-noise 

Gf.nk.r.m.  Ei.kctric  Co.,  Owens¬ 
boro,  Ky.,  has  dcxclopcd  a  low- 
noise  military  reeeixing  tube  i  in. 
long  and  i  in.  wide  for  use  as  an 
r-f  amplifier  in  ec|uipment  operat¬ 
ing  up  to  frequencies  of  1,200  me. 
Type  7077  is  a  high-mu  triode  of 
planar  construction  intended  pri¬ 
marily  for  use  in  grounded  grid  cir- 


Airpax  Prodmets  Co.,  Cambridgo  Division,  Jacktown  Rd.,  Cambridge,  Maryland 
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t)£KAT«AN 


^(CIQCI  StI 

me 


tcmptratiircs  of  —65  to  125  C  and 
vibration  of  2.000  cps  at  20  g. 
Dielectric  strength  is  1.000  v  mis, 
"’50  \  rins  across  contact  gapv.  I  lie 
relay  can  vvitlistand  shock  in  CNcess 
of  100  g.  all  planes,  has  eoil  re¬ 
sistances  np  to  5,000  ohms  and 
niininunn  coil  power  stnd  or 
bracket  mounting  with  solder  hooks 
or  5  in.  leads.  Circle  312  on  Reader 
Service  Card. 


cnitrv  m  commimications,  radar 
and  navigation  equipment.  .Smpli- 
fication  factor  is  SO.  power  gain 
H.5  db.  and  noise  figure  5.5  db. 
Circle  310  on  Reader  Serv  ice  Card. 


VERSATILE 
MULTI-RANGE 
METER  TESTER 


Model  M- 


...POWER  SUPPLY...  LIMIT  BRIOCE 

Precise,  self-contained  unit  for  laboratory 
and  production  use.  For  DC  instrument 
calibration  from  25  ua  full  scale  to  10  ma 
full  scale,  and  0-100  VfOC:  sensitivity  and 
resistance  measurement;  DC  current-voltage 
source;  limit  or  bridge  measurements  from 
0-5000  ohms.  Regulated  power  supply. 
Stepless  vacuum  tube  voltage  control.  Ac¬ 
curacy  exceeds  (current),  H  ohm  or 
54%  (resistance).  For  115V.  60  cycle  AC. 
Complete  —  needs  no  accessories.  Bulletin 
on  request.  Marion  Electrical  Instrument  Co., 
Manchester,  N.  H.,  U.  S.  A. 

Cop>Tlght  ®  IASS.  Marlon 
TJ.  8.  Patent  2,740.093 


Radar  Simulator 
basic  research  type 

h'l  ni.R.vi.  Scir.NTiFic  Corp.,  61 5 
W.  131st  St.,  New  York  27,  N.  Y., 
offers  a  basic  search  radar  simulator 
intended  to  meet  a  wide  varietv  of 
requirements.  In  reproducing  the 
svstematic  and  random  portions  of 
the  radar  process  the  instrument 
supplies  radar  video  simulating  that 
of  a  search  tvpe  radar  with, com¬ 
plete  fidelity.  Ihe  effects  of  an¬ 
tenna  radiation  pattern,  target  scin¬ 
tillation.  and  receiver  thermal  noise 
are  simulated  with  mathematical 
validitv.  Circle  311  on  Reader  Serv¬ 
ice  Card. 


Voltage  Divider 
small,  ultralinear 

Ki.f.ci  ro-Mfasuri.mfn  I  s  Inc., 
7524  S.  W.  Macadam,  Portland. 
Oregon,  announces  the  Dekatran, 
a  compact  panel  mounted  a-c  volF- 
age  div  ider  hav  ing  linearitv  rival¬ 
ing  elalKirate  laboratorv  standard 
dividers.  It  emplovs  a  sjxcial 
tap|xd  toroidal  transformer,  coaxial 
switches  and  the  exclusive  Deka- 
dial.  I'oiir  coaxial  dials  give  a 
simple  straight  line  reading  to  five 
significant  figures.  Overall  linearitv 
of  the  Dekatran  is  Ixtter  than 
0.002  percent.  Circle  313  on 
Reader  Service  Card. 


•wHftf  tiicraoNics  Mtns  rnt  trr 
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Pulse  Transformers 
miniaturized 

Im  FRN.VIION.VI.  RfSISI  ANCF  Co., 
Computer  Components  Division, 
401  N.  Broad  St.,  Philadelphia  8. 
Pa.  Packaged  in  a  special  moisture 


Crystal  Case  Relay 
weighs  only  0.35  oz 

W’nFFFOCK  Sir,NAF.s,  Inc.,  Long 
Branch.  N.  J.  Hiis  new  miniature 
crvstal  case  relay  can  withstand 
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1  /2  Amp.— 
115  V.  AC 
Normally  Opon 
or  Normally 


Push  Button  Switches 
Designed  for  your 
Miniaturization 
Program 

Thoto  Groyhill  Switchot  aro  doiignod 
and  built  for  long  dopondobU  lorv* 
ico.  Thoy  or*  $ilont  action  mo- 
montary  contact  with  an 
oxcoptionolly  long  lift. 
Soritt  2000  Snap  Action 
Switch  alto  ovoilablt. 

All 

Switchtf 
Actual 
Silt 


a  />i^  step  forivard  in 
hr(Kidhand  RF  ampUfiratioti 

OCTAVE  RF 
AMPLIFIERS 

40JIO  600  mcs 

•  low  noise  figure  •  low  power  drain 

•  high  gain  •  broadband  operation 

•  flat  gain  characteristic 


M 


A  copy  of  this  quick-reading,  8-page 
booklet  is  yours  for  the  asking.  It  con¬ 
tains  many  facts  on  the  benefits  de¬ 
rived  from  your  business  paper  and 
tips  on  how  to  read  more  profitably. 
Write  for  the  "WHY  and  HOW 
booklet." 

McGraw-Hill  Publishing  Company,  Room  2710, 
330  Wost  42nd  St.,  Now  York  36,  N.  Y. 


.Moclel  HFW  Ortave  RF  Amplifiers  feature  low  noise, 
high  gain,  low  power  drain  p/us  dependability  and 
easy  maintenance.  Four  basic  amplifiers  are  available, 
with  the  following  frequency  responses: 


40  to  80  mcs  * 
160  to  320  mcs 


80  to  160  mcs 
I  300  to  600  mcs 


Two  additional  units  cover  the  100-400  mcs  region 
as  follows: 

100  to  200  mcs  •  200  to  400  mcs 

Conservatively  speaking,  these  equipments  offer  a 
practical  and  realistic  answer  to  nearly  all  broadband 
amplification  requirements. 


TYPICAL  PERFORMANCE  CHARACTERISTICS  Model  HFW-303 


Input  frequency: 

Input,  output  impedance; 
Input,  output  V.S.W.R.; 
Noise  figure  (average): 
Gain 

Primary  power  requirements: 
Size  (L.W.H.): 

Mounting  dimensions: 


300-500  mcs 
50  ohms 

Lpss  than  1 .5  in  bandpass  region 
7  db 
30  db 

115  VAC,  60  cps 
19"  X  12’V'  X  7" 

Standard  19"  relay  rack 


SppBei Beseareh  ine. 

76  South  Boyles  Avenue,  Port  Washington,  N.  Y. 
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resistant  cjjoxy  resin,  a  new  senes 
of  miniaturized  pulse  transformers 
are  designed  with  a  7-pin  miniature 
plug-in  base  or  with  leads  for  solder¬ 
ing  to  printed  circuit  boards.  'I  hcy 
are  designed  for  use  in  blocking 
oscillators,  impedance  matching, 
phase  inversion,  interstage  coupling, 
triggering  and  counting  circuit.— 
Circle  on  Reader  Service  Card. 


Portable  Analyzer 
tests  galvanometers 

Noriii  .Vii.amk;  iNni'SiRiKs,  Inc., 
60^  Main  St..  W’estburv,  N.  Y. 
The  G.VIOI  |>ortable  galvanom¬ 
eter  anahzer  allows  a  complete 
check  of  all  galvanometer  param¬ 
eters.  including  damping,  frequency 
response,  static  balance  and  d-c  sen¬ 
sitivity,  replacing  the  complex  test 
equipment  forinerlv  used  in  these 
measurements.  Circle  315  on 
Reader  Service  Card. 


Optimum  performance 
in  virtually  all  tape  handling  applications 

Th«  advanced  design  of  the  cemplelely  Irantiileriied  Potter  Model  906  Tapp 
Handler  provides  improved  performance  in  virtually  any  tape  handling  application. 

Replaceable  Capstan  Panel  permits  use  os  Perforated  Tape  Reader  with  a 
remorkoble  new  broke  capable  of  stopping  on  the  stop  character  at  speeds  up 
to  1000  characters  per  second.  Using  a  small  vacuum  loop  buffer.  Model  906 
features: 

•  Complete  front  accessibility— single  *  Capable  of  continuous  cycling  at  any 

panel  construction  frequency  from  0  to  300  cpt  with* 

e  Pinch  rollers  capable  of  100  million  out  flutter 

start-stop  operotiom  *  Rewind  or  search  at  400  ips 

e  In-line  threading,  end  of  tape  sens-  *  3  millisecond  starts 
ing  and  tape  break  protection  *  1.5  millisecond  stops 

•  Speeds  up  to  ISO  ips  *  Tope  widths  to  1-1/4" 

•  As  many  os  4  speeds  forward  and  *  Up  to  47  channels 

reverse  *  All  functions  remotely  controllable 

The  906  may  be  supplied  with  a  transistorized  Record-Playback  Amplifier 
featuring  o  separate  module  for  each  channel.  Electronic  switching  from  record 
to  playback  function  is  ovoiloble  as  on  optional  feature. 

Other  Potter  products  include  Transistorized  Frequency  Time  Counters,  Magnetic 
Tape  Handlers,  Perforated  Tape  Readers,  High  Speed  Printers,  Record-Playback 
Amplifiers  and  Record-Playback  Heads. 


Mounting 
for  transistors 

I'lir.  Dki.bf.rt  Bi.inn  Co.,  P.  O. 
Box  757,  Pomona,  Calif.,  an¬ 
nounces  a  new  transistor  mounting 


POTTER  INSTRUMENT  COMPANY,  Inc 

Sunnyside  Boulevard,  Plainview,  New  York 
OVerbrook  1-3200 
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J>KEVENT 
1»STIY 
‘BIG  Me 
FAILURES 


lERC 

HEAT-DISSIPATING 

ELECTRON 


that  pro\idcs  a  standardized  mount¬ 
ing  of  all  transistors  regardless  of 
size  or  shape.  It  offers  shock  re¬ 
sistance,  good  heat  sinking  and  low 
moisture  absorption.  I’emperature 
range  is  from  —60  C  to  +99  C 
with  a  hot  continuous  •)pcrating 
temperature  of  Ss  C.  It  has  low 
dissipation  factor,  conductisitv  and 
dielectric  constant;  high  surface  and 
volume  resistisitv.  Circle  316  on 
Reader  Service  Card. 


Power  Supply 
two  phase 

Pacihc  I  kcumcai.  Co.,  20-17  Saw- 
telle  Blvd..  Los  .\ngeles  2s,  Calif. 
.\  new  two  phase  power  supply  is 
designed  to  speed  the  development 
and  testing  of  -100  cscle  sc-r\o  sys¬ 
tems  and  motors  for  missiles  and 
aircraft.  Ihrec  continuouslv  vari¬ 
able  outputs— two  at  0  deg  ami  one 
at  90  deg— allow  extreme  flexi- 
bilitv  III  the  use  of  this  suppiv. 
1  otal  output  is  in  excess  of  sOO  va. 
Circle  317  on  Reader  Service  Card. 


-  AND  EQUlPMHfL^MWWrtiiyiE”  LOSSES 
CAUSED  BY  HEAT,  SHOCK  AND  VIBRATION! 


Investigate  the  extraordinary  tube-saving,  cost-saving 
potentials  of  lERC  Heat-dissipating  Tube  Shields -the 
only  complete,  commercially-available  line  of  effective 
heat-dissipatmg  electron  tube  shields  for  miniature, 
subminiature  and  octal  power  size  tubes.  lERC's  ex¬ 
panded  line  of  heat-dissipating  tube  shields  for  the 
larger  size  power  tubes  offer,  for  the  first  time, 
a  practical  method  to  retain  these  tubes  in  severe 
shock  and  vibration  environments! 

Tiw  most  complete  electron  tube  heat-dissipation  infor- 
r..,.iion  is  yours  for  the  asking!  Technical  data  com¬ 
prised  of  lERC  and  independent  laboratory  test  reports 
will  be  sent  upon  request  on  your  company  letterhead. 

CtOSS-liCCNSEO  WITH  NORTH  AMfRiCAN  AVIATION,  INC. 

RATCNTCO  OR  RAT$  RfNO. 


Miniature  Servo 
high  torque  output 

Librascopk.  Inc..  SOS  Western 
Ave..  Glendale  1,  Calif.  Designed 
primarih  for  servo  rejxatcr  applica¬ 
tions.  iikkIcI  100-1  miniature  servo 
meets  the  needs  for  an  isolation 
servo  iK’tween  svnehro  coin|>onents, 
or  a  svnehro  controlled  servo  drive 
for  resolvers,  potentiometer,  or 
shaft  to  digital  converters.  It  has 
a  high  sensitivitv  to  svnehro  input 


electronic  research  corporation 

145  West  Matnolla  Boulevard,  Burbank,  California 


.  LATEST  addition  to  lERC’s  product  line  is  the  lERC  HEAT  DISSIPATOR  for  POWER  TRAN¬ 
SISTORS.  Effective  reduction  of  temperatures,  elimination  of  heavy,  large  or  finned 
surfaces  plus  adaptability  for  use  in  confined  spaces  are  prime  features.  Technical 
Bulletin  PP112  is  included  with  general  lERC  information  sent  on  request. 

Heat-dissipating  electron  tube  shields  for  miniature,  subminiature  octal  and  power  tubes 
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I  ACCURATE 
dc  RESISTANCE 
s  MEASUREMENTS 


. . .  1  micro-ohm  to  10^  megohms 


Among  the  many  bridges  manufacture 
by  Shallcross,  these  six  have  become  vir¬ 
tually  “standards”  for  general-purpose  re¬ 
sistance  measurements.  Each  is  easy  to 
operate  and  ruggedly  constructed  to 
maintain  accuracy  and  stability  in  every 
kind  of  field  and  laboratory  service.  Switch 
decks  are  inside  the  case  for  minimum 
maintenance. 

Of  special  interest  are  the  617  Series 
Limit  Bridges.  These  provide  direct  “GO- 
NO  GO”  production  line  resistor  testing 
for  any  percent  tolerance  spread  from 
i:0.1%to±20%. 

NEW  BULLETIN  L-19B  contains  full 
specifications  for  each  instrument.  For 
your  copy  write  to:  SHALLCROSS 
MANUFACTURING  COMPANY. 
Selma,  North  Carolina. 


Model 

Number 

Measuremeut 

Accuracy 

Maximum 

Setting 

Minimum 

Setting 

Circuit 

Special 

Features 

6100 

±0.1%  +0.01Q 
(.lU  to  1.011  MegQ) 

1.011  MegQ 

O.OOIQ 

Fault 

Location— 

Wheatstone 

Fault  Location  by  Murray,  Var- 
ley,  Hilbdrn  &  Fisher  Loop 
Tests. 

6101 

±0.1%  -1-0.010 
(IQ  to  11.11  MegC) 

11.11  MegQ 

O.OOIQ 

Wheatstone 

Four  dial  rheostat  usable  as 
decade  box. 

±0.02%  -i-o.oin 

(lUto  11.11  MegQ) 

111.11  MegQ 

O.OOOOIQ 

Wheatstone 

Most  accurate  five  dial  Shall¬ 
cross  bridge  for  direct  resist¬ 
ance  measurement. 

±0.05%  to  ±20%  on 

'.etarate  *■-(-"  and 

percent  selectors. 

(IQ  to  10  MegQ) 

11.111  MegQ 

O.OOOIQ 

Percent 

Limit 

Rapid  "GO-NO  GO"  percent 
limit  testing.  Built-in  adjust¬ 
able  comparison  standard. 

638-R 

±0.75%  or  better 
(.OOIQ  to  IQ) 

11.1  IQ 

0.000001Q 

Kelvin 

Overlapping  Kelvin  and  Wheat¬ 
stone  ranges  selected  with 
single  ratio  dial. 

±0.2%  -)-0.01G 
(IQ  to  11.11  MegQ) 

11.11  MegQ 

.0010 

Wheatstone 

6350 

±1%,  (IOC  to  10  MegQ) 
±2%.  00  MegQ  to 

10,000  Meg{i) 

±5%,  (above 

10,000  MegQ) 

1.111  X  lOo 
MegQ 

Wheatstone 
with  d-c 
Amplifier 

Modular  construction  dual 
range  power  supply,  null  indi¬ 
cator-amplifier,  for  lt5V.  60 
cycle  operation. 

617 

Series 

±0.1%  to  ±20%  on  sep¬ 
arate  and  ”  se¬ 

lectors  from  a  minimum 
resistance  consistent  with 
number  of  dials  in  use  to 
the  maximum  settings. 

lll.lllQ 

I. lll.llOQ 

II. lll.lOOQ 

O.IQ 

•10 

lOQ 

Percent 

Limit 

For  rapid  "GO-NO  GO"  percent 
limit  testing.  Hand  or  foot 
operated  for  production  test¬ 
ing.  All  models  also  usable 

t±0.2%  4-O.OlQ  from  a 
minimum  consistent  with 
number  of  dials  in  use  to 
the  maximum  setting. 

111,1110 

I. lll.llOQ 

II, 111,1000 

0.10 

*10 

lOO 

Wheatstone 

ments.  Binding  post  for  exter¬ 
nal  d-c  power  supply. 

t  Except  61 7B  and  61 7J  ±0.1%  ±0.010. 


*  Except  61 7C.  0.010. 


producing  an  accurate  high  torque 
output.  In  a  package  3  in.  long 
and  H  in.  in  diameter  it  includes: 
motor,  control  transformer,  ampli¬ 
fier,  gear  train  and  related  circuitrs. 
Circle  318  on  Reader  Scrsice  Card. 


Motor  Pump 
portable,  hydraulic 

I’ai  Br.sDiNT.  hyiMPsiiM,  Kr:., 
Milwaukee  2.  Wise.,  has  de\elo|Kd 
a  small,  fast,  |X)werful,  portable  h\- 
draulie  motor  pump  des  eloping  up 
to  10.000  psi  pressure  and  weigh¬ 
ing  onh  6s  lb. 

riie  companv  claims  that  s|H’ 
eifie  uses  of  the  motor  pump  in  the 
cleetronie  industrv  would  1k':  con- 
sersion  of  hand  or  foot  ojxrated 
arbor  and  bench  presses,  shears, 
Ixnding  devices,  jigs,  fixtures, 
elaniping  desices,  and  anvwhere 
else  that  smooth  positive  power  is 
needed  to  push  or  pull.  C'ircle  319 
on  Reader  Sersiee  C'ard. 


Transistor  Tester 
general  purpose 

SoNhx,  Inc.,  73  South  State  Road, 
Up|xr  Darbv,  Pa.  .\  general  pur¬ 
pose  transistor  tester  measures  small 
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INSULATORS 


signal  beta,  collector  leakage  cur¬ 
rent,  and  collector  resistance  on  all 
npn,  piip,  surface  barrier,  grown  or 
rliffnsed  junetion  transistors.  Klesen 
operating  points  are  provided  witli 
one  convenient  selector  switch, 
riie  tester  is  self-calibrating  and 
transistor  under  test  is  o|xrated  in 
a  temperature  stabilized  circuit  in¬ 
suring  each  unit  is  tested  under 
identical  biasing  conditions.  Circle 
320  on  Reader  Service  Card. 


. . .  moderate 
and  heavy  duty  types 
low  voltage  and  apparatus  types 


VHP  F-M  System 
for  split  channel  use 

.\rRONAl'TIC.SI.  hh.F.CTRONICS,  InC., 

Box  6527.  Raleigh,  N.  C.  .MikIcI 
600  scries  vhf  f-in  mobile  radio 
equipment  uses  a  high  frequenev- 
crvstal  filter  for  superior  receiver 
selcctivitv  characteristics  under  new 
sjilit  channel  allocations  of  the 
FCC.  It  can  operate  on  6.  12  or 
115  V  without  modification,  ex¬ 
tending  its  use  thereby  to  smaller 
transmitter  stations.  Circle  321  on 
Reader  Serv  ice  Card. 


A  design  which  uses  air  as  major  insulation,  with  leakage  path 
lengthened  by  forming  porcelain  into  a  bowl,  eliminates  losses 
which  occur  in  ordinary  types  of  bushings  at  radio  frequency. 

Lapp  moderate  duty  insulators,  suitable  for  a  variety  of  low 
or  medium  voltage  applications,  are  the  standard  ty(>e  bowls  for 
carrying  leads  through  shields,  equipment  cases,  walls,  etc.,  and 
practically  any  indoor  use  where  duty  is  not  too  severe. 

Outdoor  units  are  designed  with  corrugated  surfaces  which 
provide  extra  leakage  distance  for  use  in  contaminated  atmos¬ 
phere.  Corrosion-resistant  hardware. 

A  wide  variety  of  types  of  these  insulators  is  now  available 
as  catalog  items  ...  or  w  here 
requirements  necessitate,  on  special 
design — for  which  Lapp  engineering 
and  production  facilities  are 
excellently  qualified.  Write  for 

complete  descriptive  data  and  ^ 

specifications.  Lapp  Insulator 
Co.,  Inc.,  Radio  Specialties  ^1!; 

Division,  142  Sumner  _ 

Le  Roy, 


Frequency  Meter 
for  vhf  use 

I.AvoiK  Laboratoriks.  Inc.,  Mata- 
wan-l'rcchold  Road,  Morgauvillc, 
N,  J.  new  vhf  frequency  meter  is 
accurate  to  (me  jwrt  per  million 
(0.0001%)  over  a  range  of  20  me 
to  3,000  me.  The  instrument  will 
measure  frequencies  as  low  as  1 0  kc 
and  is  capable  of  generating  fre¬ 
quencies  over  the  entire  10  kc- 
3,000  me  range.  \o  calibration 


^  ■ 

* 

1 

r 

1 
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Official  U.  S.  Navy  Photograph 


when  e>ll 

. . . 

is  gazing  at  the  heavens  wondering  if  its 
bleak  and  silent  spaces  will  be  friend  or  foe, 
our  Nation’s  security  depends,  more 
than  ever  before,  on  the  Engineers’  and 
Scientists’  determination  to  make  major 
scientific  break-throughs  rather  than  mere 
improvements  in  existing  hardware. 

The  professional  staff  of  the  Vitro  Silver 
Spring  Laboratory  is  dedicated  to  this  goal. 

Our  present  openings  are  few  but  extremely 
challenging.  For  detailed  information, 
address  your  inquiry  to: 

Manager,  Professional  Employment 

Silver  Spring  Laboratory,  Dept.  102 
Vitro  Laboratories 

14000  Georgia  Avenue,  Silver  Spring,  Maryland 


l/itn  LikBORA-TORIES 

Division  of  the  Vitro  Corporation  of  America 


hooks  or  temperature  correction 
curves  arc  required  for  the  direct 
reading  unit,  making  it  particularly 
useful  in  the  mobile  and  military 
field.  Circle  322  on  Reader  Service 
Card. 


Pulse  Analyzer 
256-channel  unit 

RaOIATION  Coi’NrKR  I.ABORA- 
TORIFS.  Inc.,  Skokie,  Ill.  MckIcI 
20609  2s6-cliannel  pulse  height 
analyser  features:  27  hours  pre-set 
time  during  which  background  mav 
be  counted  and  automatically  sub¬ 
tracted  from  original  run  data;  lo¬ 
garithmic  readout  on  flat-faced  ert 
and  strip  chart  recorder;  dual-func¬ 
tion  h-v  supply;  and  interpolation 
lights  to  aid  in  setting  zero  j>oint 
and  instrument  maintenance.  .Ml 
channels  are  printed  out  in  less 
than  one  minute.  Circle  323  on 
Reader  Service  Card. 


Silicon  Rectifier 
diffused  junction 

FaNSTF.F.I.  Mf  I  AFI.URCICAr.  CORP., 
North  Chicago,  III.  This  small  dif¬ 
fused  junction  silicon  jjower  recti¬ 
fier  is  rated  for  continuous  service 
at  20  am|Kres  d-c  at  maximum  peak 
reverse  potentials  up  to  -400  v.  I’our 
of  these  rectifiers  in  a  full  wave 
bridge  circuit  will  provide  power 
for  a  10  h-p  230-\  d-c  motor.  It  is 
specifically  designed  for  d-c  power 
supply  and  magnetic  amplifier  ap- 
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plications  requiring  reliable  )x;r- 
forniance  in  ambient  teinjXTaturcs 
up  to  1  50  C.  Circle  324  on  Reader 
Serv  ice  Card. 


Digital  Voltmeter 
two  module  unit 

Ki.eciro  Instrumknis,  Inc.,  3540 
Aero  Court.  San  Diego  11,  Cahf. 
llic  DV.\-500  d-c  digital  voltmeter 
consists  of  a  switch  module  and  a  | 
[rower  module,  lire  jrower  module  ! 
IS  transistorized  and  fe-atures  inter-  | 
nal  modular  construction.  Specifi-  j 
c-ations  of  the  new  instrument  in¬ 
clude  a  5  digit  displas,  automatic 
ranging  and  polaritv.  0.0001-990.99 
range  and  0.01  percent  accuracs,  I 
one  digit.  Stabilits  is  iKtter 
than  0.01  percent.  Circle  325  on 
Reader  Sers  ice  C'ard. 


Indicating  Meters 
shatterproof-face 

IlOYI  Ki.kciric.si.  Insiromint 
Works,  Inc.,  Rurton-Rogers  Co., 

42  Carleton  St..  Cambridge  42. 
Mass.,  has  develojxd  a  new  series 
of  indicating  meters  with  a  shatter¬ 
proof,  transpiirent  plastic  face  for 
original  equipment  or  replace  appli¬ 
cations  that  require  5  |xrcent  ac¬ 
curacs .  riie  scale  extends  prac-  ' 

ticallv  the  full  width  of  these  11  < 

in.  square  meters  to  gise  a  high 


M  %Mmi^ 
ntUhout  one/ 


ALTCRNATt  CONNCCTOR 
TYPE  N  TO  ACCEPT 
UG>2I  B/U  attached 
RG*9A/U  CABLE 


J — \ 


»C-S2  TAP 
DEEP 

S  MTG  HOLES 


U4- 


OUTLINE  DRAWING  MODEL  S75N  DOUBLE  COUPLER 

WHEN  YOU  BUILD  MieroMatch 
Directional  Couplers  into  your  trans¬ 
mitters,  you  add  an  invaluable  feature 
at  extremely  low  cost  —  positive  con- 
Brmation  of  transmitter  performance. 
Your  customers  stay  sold  by  the  cou¬ 
pler’s  cxnitinuous  RF  Power  indication, 
in  addition,  stands  watch  over  your 
customer’s  transmission  line  and  antenna. 

Now  incxirisorated  in  most  modem  Government  and 
commercial  transmitters,  MieroMatch  Directional  Croupiers 
produce  an  output  es.sentially  independent  of  frcxpieney. 
Units  are  available  for  use  witbin  the  raiige  of  20  to  4000 
megacycles.  C.'ouplers  ;u‘e  adjusted  to  produce  full  scale 
meter  deflection  at  power  levels  of  1.2  watts  to  120  KW. 
Acfiiracy  of  power  measurements  is  plus  or  minus  5%  of 
full  scale. 

For  complete  details  on  the  MieroMatch  line  of  monitor- 
inf’  etpnpmcnt,  terite  Jor  onr  6S-pafie  cataloR. 


Its  \’S\VR  monitor. 


WMBM  MICBOMATCH  IS  BUILT  IN 
YOU  KNOW  WNAT’S  GOING  OUT 


M.C  JONES  EUaRONICS  CO.,  Inc. 

BRISTOL,  CONNiaiCUT 
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Reliability  ...  in 
advanced  weapons 

M- 

systems  requires 


degree  of  readability  comparable 
to  larger  instruments.  I’licy  arc 
available  in  ranges  of  d-c  sensitiv  i¬ 
ties  from  1  ma  to  100  amperes,  and 
32b  on  Reader  Service  Card. 


en^neers  with 

exceptional 

qualifications 


Silicon  Rectifiers 
diffused  junction 

BrMMX  .\vi.\ii<)N  CoRi’.,  Red  Rank 
nivismn.  I.ong  Rrancli.  N.  ).  .\ 
series  of  new  silfcon  rectifiers  have 
peak  inverse  voltage  ratings  rang¬ 
ing  from  30  to  600  v  and  can 
deliver  30  amperes  of  rectified  cur¬ 
rent.  Operating  temperature  ex¬ 
tends  from  —  63C  to  l”sC^ 
riie  rectifier  package  is  in  con¬ 
formance  with  the  latest  |F  I  I'.C 
pro|)osed  standards. 

rite  units  are  of  the  diffused 
iimction  tv|K’  for  lower  forward 
drop  and  lower  reverse  leakage  cur¬ 
rent.  FI.\  has  reserved  the  JK  I  KC 
designations  1  \l-434-l\143S  for 
this  series  of  five  rectifiers.  Circle 
327  on  Reader  Service  C^ard. 


Steering  intelligence  for  tomorrow’s 
missiles  .  .  .  with  a  built-in  immunity 
to  enemy  jamming  and  interception  — 
that  is  the  fantastic  promise.  Westing- 
house-Baltimore —pioneer  in  weapons 
systems  basic  research  —has  developed 
advanced  equipment  to  play  an  im¬ 
portant  role  in  our  offensive  and  de¬ 
fensive  strategies  for  the  future. 

The  Men  on  the  Westinghouse  Team 
are  engineers  with  Exceptional  Qualifi¬ 
cations.  These  men  carry  on  the  tradi¬ 
tions  of  pioneering  leadership  that  have 
made  the  name  Westinghouse  synony¬ 
mous  with  advanced  developments  in 
the  electronics  field. 

There  is  always  room  at  Westinghouse- 
Baltimore  for  engineers  of  this  caliber. 
If  you  have  these  qualifications,  we 
urge  you  to  send  a  resume  of  your 
education  and  experience  to: 

Dr.  J.  A.  Medwin,  Dept.  764, 
Westinghouse  Electric  Corporation, 
P.  O.  Box  746,  Baltimore  3,  Md. 


Relay  Socket 
microminiature 


\'iKiN(;  IsiursiRii'S.  Inc..  21343 
Roscoe  Rlvd.,  Cimoga  Park  3, 
Calif.,  announces  a  microminiature 
8  and  10  contact  relav  socket  avail¬ 
able  in  four  stvles  of  mountings  to 
assure  ease  of  installation  in  anv 


Westinghouse 


BALTIMORE 

An  Engineer’s  Company 
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design.  Contact  rating  is  s  am¬ 
peres.  wire  size  No.  20  .\wg  inaxi- 
innin.  Insulator  is  mineral  (as¬ 
bestos)  filled  Melamine-tvpe  mine; 
contacts  are  phosphor  bronze;  in- 
•serts  either  brass  or  steel.  Circle  328 
on  Reader  Service  C^ard. 


Transistor  Inverter 
for  airborne  uses 

\'ako  .\Ifc;.  Co.,  Inc.,  2201  W’al- 
nnt  St.,  C.arland.  Texas,  has  de¬ 
veloped  a  60  \a.  11s  V  a-c  tran¬ 
sistor  inserter  for  airlMirne  nsc-s  rc- 
(piirmg  precision  400  cps  fre- 
cjnencs.  Use  of  a  timing  fork  refer¬ 
ence  obtains  0.01  jK-rcent  accnracs 
in  the  single  phase  output  from 
the  2S  V  d-c  .x  s  |xrcent  input. 
Mmlcl  4303  weighs  onlv  2.3  lb 
and  ojxrates  through  a  tempera¬ 
ture  range  of  —  30  C  to  -♦-  71  C. 
Unit  will  withstand  3  g’s  at  70- 
1.000  cps  or  10  g  constant  accelera¬ 
tion.  Circle  329  on  Reader  Service 
Card. 


Q 


Kerr  Cell  Shutter 
.01  ^'sec  exposure 


I 

I 

I 


Cen^ab, 


ACTUAL  SIZE 


’s  N’ew  Dil-741  Hi-Ka.p  ® 
tlie  f eed-tlimi.  you  ca.n.’t  put  in  wrong 


Speed  Production  ••  • 
Lower  A.ssembly’  Costs 
witK  this  New  Syinmetrica*! 
Feed-Thru.  Ca.pa.citor* 

•  patents  pending 


I 


, .  .  can  be  inserted  from  either  end  ...  a  natural  for 
machine  insertion  or  other  types  of  automation 

. . .  embodies  a  new  metalizinK  technique  that  com¬ 
pletely  eliminates  capacitance  drop-off,  silver 
migration,  and  silver  burn-off  during  soldering 
operations 

. ,  .  will  withstand  soldering  temperatures  of  450‘’F  for 
two  minutes 

. .  .  has  a  solder  fillet  around  center  ring  eliminating 
need  for  solder  preforms 


TYPe  0*  741 


. .  .  rugged  16  gauge  tinned  wire  lead  assures  positive 
connections 

SPECIFICATIONS: 

Capacitance;  Available  in  values  up  to  1,000  mmf. 
GMV 

Power  Factor:  3%  maximum,  measured  at  IKC 
Voltage;  500  VDCW,  1300  VDCT;  special  units 

can  be  supplied  for  900  V.  RMS  test 
Humidity:  Meets  EIA  STD  RS198,  Class  2 


I4B-  : 
MX.  01*.; 


>•  Dl*.  ■  •  •  , 

TYPE  DA  740 


DA-740,  with  same  electrical  characteristics  but  without  solder 
fillet  or  leads,  can  also  be  supplied. 


For  details  write  for  Centralab  Engineering  Bulletin  No. 
EP-556.  For  the  most  complete  line  of  ceramic  capacitors  in 
the  industry  see  your  Centralab  distributor. 


,\v(.o  Mk;.  Corp.,  20  S.  Union  St.. 
l,.iwrcncc.  Mass.  Exposure  time  of 
0.01  /isec  has  Ixen  achicseci  with 
a  Kerr  cell  electro-optical  shutter 
and  an  improved  pulse  generator 
circuit.  I  he  2-in.-st|  shutter  has 


A  DIVISION  OF  GLOBE-UNION,  INC. 
914F  E.  KEHE  AVE.  •  MILWAUKEE  I,  WIS. 
In  Conida;  114  Alt.  FItflsant  Id.  •  Toronto,  Ontario 


VARIABLE  RESISTORS  •  PACKAGED  ELECTRONIC  CIRCUITS  •  ELECTRONIC  SWITCHES 
CERAMIC  CAPACITORS  •  ENGINEERED  CERAMICS  •  SEMI-CONDUCTOR  PRODUCTS 
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Designed  and  Built 
in  accordance  with  MIL-T-27A 

DELIVERED  FROM  STOCKt 


MlUv 

y  y^iii 

pHt-  H 


lx.‘cn  applied  to  aerodynamic  simu¬ 
lation  studies  of  long-range  missile 
re-entry  problems.  Exposure  times 
in  the  range  of  10'*  to  10  '  are  re¬ 
quired  to  prevent  image  blur  in 
.\vco’s  work  with  scaled-down  pro¬ 
jectiles  fired  at  scry  high  velocities 
in  its  ballistic  range.  Key  to  the 
new  technique  is  the  pulse  gener¬ 
ator,  which  consists  of  RGS  U 
coax  cable  and  the  spark  gap.  The 
Kerr  cell  is  connected  directU 
across  the  load  resistor  on  the  trans¬ 
mission  line  and  chxrs  not  require 
an  impedance  matching  network  or 
pulse  transformer.  Circle  330  on 
Reader  Scrsice  Card. 


Casting  Resin 
fire  retardant 

K\ri  RsoN  &  CiiMi.Nc;,  Inc.,  869 
W'ashington  St.,  Canton,  Mass. 
Stveast  29H0  is  a  one  coiupoueut. 
fire-retardant  epoxide  casting  resin 
and  impreguant.  It  is  used  direetlv 
as  supplied;  no  addition  of  curing 
agent  is  required.  It  can  be  used 
from  —70  I  to  -f--100  !• .  Insulation 
resistance  is  10"  ohiu-ciu  at  riMuii 
temperature  and  remains  above 
10"  ohm-cm  at  400  V  .  Circle  331 
on  Reader  Service  Card. 


Your  local  electronic  parts 
distributor  can  give  you  fast 
delivery  on  hundreds  of  types 
of  transformers  designed  and 
built  in  accordance  with 
MIL-T-27A  specifications. 
They  are  in  stock,  backed  up 
by  the  largest  factory  inven¬ 
tory  of  military  transformers 
in  the  industry. 


Ask  your  distributor  for 
CHICAGO  catalog  CT3-57, 
listing  detailed  electrical  and 
physical  specifications  on 
these  units,  or  write  to 
Chicago  Standard  Trans¬ 
former  Corporation. 


Power 


to  1100  V.  CT 

10  to  300  DCMA,  8  to  15  henries 
5  to  10.0  V.,  1.25  to  5.0  Amp. 

5  to  12.6  V.,  I  to  6  Amp. 

50  to  20.000  □  pri.,  1 50  -  50,000  n  sec. 
300  to  20,000  u  pri.,  4  to  600  n  sec. 
2.7  to  18  W.  power  output 


Filter  Reactor 
Filament 

Multiple  Filament 
Audio  Input 
Audio  Output 
Saturable  Transformers 


Scaler 

7-decacle  capacity 

B.\iRn-,\iOMic,  Inc.,  33  Universitv 
Road,  Cambridge  38,  Mass.  Model 


t  Under  Military  Reduced  Inspection  Quality  Assurance  Plan  (RIQAP) 


3502  Addison  Street,  Chicago  18,  Illinois 
fxport  So/ei:  Reburn  Agencies,  Inc.  •  431  Greenwich  St.  • 
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TYPE  i 

RANGE  OF  RATINGS 

400  CYCLE 

Power 

Filter  Reactors 

Filament 

Step-Down 

40  to  300  DCMA,  510  V.  CT 
to  1100  V.  CT 

40  to  300  DCMA,  2.0  henries 

6.3  V.  CT.  3  to  20  Amp. 

140  Va.  28.5  V.,  3  phase 

MILITARY  STANDARD 

Power 

Filament 

Audio 

70  to  250  DCMA.  400  V.  CT 
to  1600  V.  CT 

2.5  to  6.3  V..  2  to  20  Amp. 

50  to  15,000  «  pri.,  4.0 
to  135,000  n  sec.,  .03  to  2.0  W 

TRANSISTOR  AUDIO 

Input 

Interstage 

Driver 

Output 

60  u  pri.,  10  0  sec.,  .05  W. 

100  to  500  tt  pri.,  200  to  5000  Q  sec., 
.03  to  .25  W. 

100  to  2000  0  pri.,  100  to  200  0  sec., 
.05  to  .5  W. 

20  to  9800  It  pri.,  4  to  15  0  sec., 

.05  to  10.0  W. 

GENERAL  TYPES 

Get  out  your  pencil  and  . . . 

Help  yourself  to 
electronics'  READER  SERVICE 
it's  free-it's  easy-it's  for  your  convenience 

Each  / advertisement  and  New  Product  item  is  numbered. 

He .  more  information,  simply  .  ,  . 

(1)  Circle  number  on  postpaid  card  below  that  corresponds  to 
number  at  the  bottom  of  Advertisement,  or  New  Product  item. 

(2)  Print  your  name,  title,  address,  and  firm  name  carefully. 

It  is  impossible  to  process  cards  that  are  not  readable. 

Additional  postage  MUST  be  added  to  cards  for  all  FOREIGN  MAILINGS 


*m  SPECIFIC  ITEMS  IN 
MULTI  PRODUCT  ADVERTISEMENTS 

PlwoM  indicate  in  box  in  post* 
card  marked  with  asterisk  (*) 
specific  item(s)  in  ad  in  which 
you  are  interested.  Please  write 
ad  circle  number(s)  and  specific 
product(s)  on  which  you  want 
more  information. 


An  occasional  Adver¬ 
tisement  cannot  be 
numbered  for  the 
READER  SERVICE 
CARD  due  to  lack  of 
space  and  must  be 
indicated  by  writing 
the  Advertisers'  name 
in  the  space  at  the 
bottom  of  the  card... 

O 

An  occasional  Adver¬ 
tisement  cannot  be 
numbered  for  the 
READER  SERVICE 
CARD  due  to  lack  of 
space  and  must  be 
indicated  by  writing 
the  Advertisers'  name 
in  the  space  at  the 
bottom  of  the  card... 
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electronics  publishes  all  new  product  items  of  inter¬ 
est  to  makers  and  users  of  electronic  and  allied 
equipment. 

The  reverse  side  of  this  card  provides  a  service  to 
subscribers  by  facilitating  the  flow  of  additional  in¬ 
formation  between  manufacturers  and  our  readers. 

Take  advantage  of  Reader  Service — and  the  readership 
of  electronics. . .keep  the  Industry  informed  about  your 
New  Products  and  New  Literature  via  their  mention  in 
the  editorial  pages  of  electronics. 
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V-R  Power  Supply 
compact,  tubeless 

K'l.i'co  I,Am)KAi()KiKs.  Inc.,  ni-^8 
S.inford  .\\c.,  I  liisliiiig  SS,  N. 
has  clcvcl()|xcl  tlic  KM-2S1  mag¬ 
netic  \t)Itagc  regulated  jx)wer  sup¬ 
ply.  It  delivers  in  two  ranges:  2  to 
S  \  .  0  to  ^0  am)xres.  and  8  to  H  \. 
0  to  15  amperes.  Regulation  foi 


niA  is  a  new'  and  versatile  cold 
cathode  glow  tulx-  scaler  for  general 
purpose  radioactivity  counting.  It 
is  designed  for  integral  prdse  height 
analysis  in  scintillation  or  propor¬ 
tional  counting.  Featuring  a  7-dec- 
adc  capacitv  and  a  built-in  timer, 
it  contains  an  ultra-linear,  ultra 
stable  exp^mder  amplifier  tvpc 
pidse  height  selector.  Unit  has  a 
resolving  time  of  less  than  5  ;iscc 
with  an  electronic  scale  of  1,000 
followed  b\  a  4-digit  electro¬ 
mechanical  register.  Circle  332  on 
Reader  Service  C'ard. 


Transducer 
9/16  in.  voice  coil 

I'liK  Magnavox  Co.,  2151  Bcutcr 
Rd..  Ft.  W'avne,  Ind.,  anmmnces 
the  new  llv-(Jue  5  transducer.  Its 
applications  range  from  single 
sjxaker  instruments  to  multiple 
speaker  units,  including  various 
tweeter  uses  in  dual  speaker  design, 
riie  s|X'aker  uses  standard  F.IA 
magnet  sizes  as  well  as  several  spe¬ 
cial.  high-efficiencv  magnets  in  its 
1%  in.  voice  coil.  Bv  various  design 
modifications  different  response 
characteristics  are  possible.  Circle 
333  on  Keaeier  Service  Card. 


From  General  Electric  .  .  . 

PLAIN  TALK  ON 
TANTALYTIC*  CAPACITOR 
AVAILABILITY 


It’s  time  for  plain  talk  on  the  facts  of  tantalum  electrolytic 
capacitor  availability.  There  is  no  “availability”  problem 
as  far  as  General  Electric  is  concerned. 

Here’s  why: 

•  No  metal  shortage — Stocks  of  capacitor-grade  tan¬ 
talum  have  doubled  wnthin  the  past  year. 

•  No  production  capability  shortage — General  Electric’s 
production  facilities  have  tripled  in  the  past  year. 

•  No  delivery  bottlenecks — General  Electric’s  improved 
manufacturing  processes  and  techniques  have  virtually 
eliminated  production  rescheduling. 

•  Few  military  directive  priorities — Since  the  supply  of 
Tantalytic  capacitors  has  met  demand,  the  military 
requirements  can  be  met  without  directive  priorities. 

This  is  why  we  say — now  and  in  the  future,  General  Elec¬ 
tric  will  continue  to  provide  Tantalytic  capacitors  in  the 
types  and  ratings  you  want — when  you  want  them. 

For  specific  information  on  Tantalytic  capacitor  ratings, 
prices,  deliveries,  contact  your  nearest  General  Electric 
Apparatus  Sales  Office  or  write  to  General  Electric  Co., 
S«tion  449-4,  Schenectady  5,  N.  Y. 


troS9-mork 
of  Oonorol  ihcfric  Co* 


••Trorfo-morfc  of 
Cooorol  ihctrk  Co. 


SOilD  TANTALYTIC  CAPACfTOtS 
— for  trooBiBtorisod  cirtoll  oppli* 
cotloo* — rofod  op  lo  60  volta, 
polor  onlH  only — tltoo  down  lo 
0.12S  Inclio*  by  0.250  iocliot. 


KSR**  TANTA. 
LYTIC  CAPACI* 
TORS  —  for  mit- 
tilo«,  rodor,  oir* 
borno  olocirontc 
opuipmofit  oppll* 
cotion* — rotingt 
op  to  3500  mfd— 
Ihroo  COM  tiiof 
1.375,  2,  2.5  inch* 
o«  in  boighl. 


•5C  TANTALYTIC  CAPACITORS 
— for  opplicotionft  roqoirlng  bigb 
goolity  bol  wboro  lomporohirot 

oro  loot  Mvoro. 
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NEW  HIGHER  STANDARDS 
'  OF  UNIFORMITY  AND  RELIABILITY 
**  <%  IN  BOBBIN  CORES 
^  <*1 


...FOR  COMPUUR  APPIKATIOHS 


J 


Now  ultra-thin  tope  cores 
offer  greater  uniformity  and  re¬ 
liability  than  ever 

before  available.  DYNACOR  Bobbin 
Cores  find  ideal  application  in  critical  mag¬ 
netic  shift  register,  switching  transformer 
and  other  logic  circuits  which  require  utmost  uni¬ 
formity  in  switching  time  and  signal 
to  noise  ratio. 


9 


SEND  FOR  BULLETINS 
Write  for  Bulletin  DN-1000  and  Engineer¬ 
ing  Data  Sheets  DN-1001  and  DN-1002 
for  complete  data.  Address:  Technical  Lit¬ 
erature  Section,  DYNACOR,  INC.,  10431 
Metropolitan  Ave.,  Kensington,  Maryland. 

DYNACOR,  INC. 


A  WHOUY  OWNED 
SUBSIDIARY  OF 

SPRAGUE 

ELECTRIC  COMPANY 


CHECK  THESE  FEATURES; 

RIGIDLY  CONTROLLED 
4-79  Molybdenum  Perm¬ 
alloy  Tape  •  Ceramic  or 
Stainless  Steel  Bobbins 

•  Hydrogen  Atmosphere 
Annealing  •  Polyester 
Tape,  Polyethylene  or 
Nylon  Protective  Jackets 

•  100%  Tested  to  Cus¬ 
tomer  Specifications  • 
Reliable  Uniformity  to 
Rigid  Performance  Spec¬ 
ifications  —  on  order 
ofter  order— over  long 
periods  of  time. 


/DYNACOR/' 

10431  METROPOLITAN  AVENUE  *  KENSINGTON,  MARYLAND 

CIRCLE  131  READERS  SERVICE  CARD 


Save  SPACE  ^ 
and  WEIGHT  with 

The  A.  W.  HAYDON  COMPANY’S  unique  line  of 
RELIABLE  SUB-MINIATURE  REPEAT  CYCLE  TIMERS 


TINYf  I 

1  X  2  inch  cross  section 
6yj  ounce  bosic  weight 
Up  to  10  switches 
TOUGH! 

Temperoture  54  C.  to  85  C. 

Vibrotion  500  CPS,  lOg 

Shock;  30g 

Herineticaity  Sealed  Housings!  Direct 
Current  or  400  Cycle  Operation!  Custom 
Designed  to  Meet  Military  Specificotions! 
Write  for  Bulletin  AWH  RC-301. 


^.M^KlAYDON 


NORTH  ILM  STtfIT, 
W  ATERtURV  30,  CONNECTICUT 

TimtAf 


I 


line  or  load  is  less  than  ±:  1  per¬ 
cent.  Ripple  is  less  than  O.s  jxr- 
eent.  Circle  334  on  Reader  Sersicc 
C'ard. 


D-C  Power  Supply 
small  and  light 

SoRKNsi  \  &  Co.,  Inc.,  Richards 
Ave.,  South  N'orwalk,  C-onn. 
Model  MA28-123  d-c  piwer  supply 
features  high  current  output  o\er 
a  wide  \oltage  range.  .\  single  unit 
can  feed  entire  ssstcins  drawing  up 
to  12?  amperes  at  IS  to  36  \  d-c. 
In  addition  to  the  comcinence  and 
acenraev  of  single-source  jjower.  it 
pros  ides  dependable  tnlKlcss  o|Kr,i- 
tion  based  on  a  magnetic  amplifier 
control  circuit  with  a  transistori/ed 
power  reference  and  a  /ener  ditnle 
comparison  circuit.  Circle  33?  on 
Reader  Service  C'ard. 


Tiny  Amplifier 
transistorized 

Ml'  r.i.K.ciRONics  Co..  122  K. 
2?th  St.,  New  York  10,  N.  Y. 
.Model  ,M-10  is  a  portable  self-con¬ 
tained  amplifier.  Input  impedance 
is  greater  than  1  ?0  kilohms.  Ma\i- 
mnm  output  is  1  ?0  nn  rms  into 
3?0  ohms.  l'’rec|ncncv  response  is 
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Multi-Channel  Link 
Test  Equipment 


fl.it  from  20  cps  to  100  kc.  It  is 
Miliiabic  for  general  lab  use,  in  ob¬ 
taining  mill  indications  from  an 
impedance  bridge.  Cbeeking  audio 
svstems  directlv  In  ear  m  the  field 
is  another  application.  Circle  ^^0 
on  Reader  Service  C^ard. 


The  three  groups  of  instruments 
featured  below  are  representative 
equipments  from  the  wide  variety  of 
Marconi  measuring  facilities  for  both 
baseband  and  rf  circuits  in  multi¬ 
channel  links.  These  designs  have  been 
specifically  evolved  by  Marconi 
engineers  to  meet  the  exacting  test 
requirements  in  this  specialized  field 
of  telecommunications. 


Mercury  Switch 
nylon-enclosed 

Mu  ro  Swiicii.  a  dnision  of  Mm 
nca|5olis-l  loncs  well  Regulator  Co.. 
I  rcc|)ort.  111.  I  be  “\IIM*2  inlon- 
encloscd  merenrs  switch  consists  of 
a  high  rpialits  gas  tnlK-  mercury 
switch  eml)edded  m  a  svnthetic 
rnbiK-r  and  enclosed  in  a  n\lon  can. 
'I  he  resilient  emlKclment  material 
lessens  the  effects  of  shock.  I  he 
switch  is  resistant  to  oil  and  water. 
Contact  arrangement  is  spst.  Ca'r- 
cle  33“  on  Reader  Service  Card. 


WHITE  NOISE  TEST  SET 

OA  1249 


Noise  generator  and  receiver  for  the 
measurement  of  baseband  intermodu¬ 
lation  and  noise  by  slot  technique 
covering  from  24-  to  960-  channel 
bands  (12  kc  to  4028  kc). 


Signal  generator,  receiver  and  noise  generator  for 
general  rf  tests  in  the  1700-  to  2300-Mc  band. 

Send  for  leaflet  BLiOA 


Sweep  generator  and  display 
unit  for  fast  and  accurate 
adjustment  of  linearity  con¬ 
trols  on  modulator  and 
demodulator  stages.  Sweep 
width  :  ±  20  Me  ;  center 

frequency,  65  to  75  Me. 


precision  unit 

MlIIIV.VC  iNSIRtlMtMS,  I’.O.  Box 
99“.  Schcnect.idv.  N.  ^  .  I  hc  \I\'- 
32.\  precision  a-c  \  h  in  uses  ati  elec- 
trmiicallv  protected  vacinim  ther- 
iiKKoiiplc  as  its  rms-resjionsive 
mcter-rcctificr.  .\ccurate  measure¬ 
ments  are  made  hv  comparing  the 
tmknow  n  \  oltage  w  ith  an  accuratch 
calibrated  1000  cps  signal  and  ad¬ 
justing  the  calibrator-attenuator 
until  both  the  tmknown  voltage- 


ill  CEDAR  LANE  ENGLEWOOD  NEW  JERSEY 

Telephone :  LOwell  7-0607 

CANADA  ;  CANADIAN  MARCONI  CO  ■  6035  COTE  OE  LIESSE  ■  MONTREAL  9 
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7  ELKINS  STREET 
SOUTH  BOSTON  27,  MASS. 


ONE  SOURCE 


from  base  laminates 
to  completed 


Only  Norplex  offers  one- 
source  manufacturing  of 
both  base  laminates  and 
printed  circuits.  You  get  top 
advantages  in  service, cost, 
quality  on  all  circuitry  .  .  . 
1  or  2  side,  selective  solder¬ 
ing,  flush  for  switching  ap¬ 
plications.  Write  today,  nr 
send  print. 


Over  5,000,000  Norplex  printed  circuits  in  use! 


orplex 


Northern  Plastics  Corp. 

Manufacturers  and  fabricators  of  industrial  laminates 
for  electrical,  mechanical  application. 

Sales  offices  in  principal  cities. 

2nd  and  Market  Streets,  La  Crosse  |QJ  Wis. 


and  the  caliljrator  signal  produce 
exactly  identical  needle  deflections. 
.\ccnracx  within  the  basic  fre- 
cpiencv  range  of  the  instrninent 
(sO  cps-skc)  is  Ix'tter  than  \  |xr- 
cent,  at  other  frequencies  2  percent. 
Calibrator  accuracy  is  0.1  percent. 
Circle  ^^8  on  Reader  Serxice  Card. 


CHOPPERS 


Eleven  types, 
both  single  and 
double  pole. 

Long  life. 

Low  noise  level. 
Extreme  reliability. 
Write  for  Catalog. 


Electrometer 

multipurpose 

Kr.mn.KY  Insiromkms.  Inc., 
IZ-lls  F.nclid  .\ve.,  Cleyeland  6, 
Ohio.  Model  610  electrometer  is 
an  all-pnrpose  instrument  for  meas¬ 
uring  d-c  yoltage,  current  and  re¬ 
sistance  oxer  extremeb  broad 
r.mges.  Typical  uses,  in  addition  to 
numerous  common  tests,  include 
measurements  of  yoltages  in  pie/.o- 
electric  crystals,  static  charges  and 
vacunni  tiilx  electrodes;  currents  in 
ion  chambers  and  semiconductors; 
and  insulation  leakage  checks  and 
inspection.  Circle  339  on  Reader 
Serx  icc  C'ard. 
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Adjustment  Pot 
for  175  C  use 

Bourns  I.abor.xtoriks,  Inc.,  6133 
Magnolia  .\yc.,  Rixerside,  Calif.  \ 
new  leadscrevy-actiiated  adjustment 
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|)<)tcnti()iiictcr,  designed  for  17^  C 
operation  and  I.O  \v  power  dissipa¬ 
tion,  is  announced.  MckIcI  260 
I'riinpot  uses  a  new  Silverweld 
termination  and  ceramic  resistance 
card  for  liigli  stabilit\  and  reli¬ 
ability.  Residual  resistance  at  eitiier 
end  is  only  0  to  0.1  |xrcent.  Stand¬ 
ard  resistance  values  are  asailable 
from  10  olmis  to  SO.OOO  ohms. 
Circle  3-40  on  Reader  Service  Card. 


NOW,..  i  a  maior  improvement 

I  in  telemetry 
rereiver  sensitivity 

Lowers  receiver  improvement 
threshold  by  at  least  6db. 


This  unit  provides  an  honest  system  gam 
that  may  be  translated  into 


•  longer  range 

•  less  transmitter  power 

•  smaller  antennas 

•  better  reliability 


Silicon  Diodes 
miniaturized 


the  Radiation,  I  Inc.,  Modei  8-100 

RECEIVER  PHASE-LOCK  DEMODULATOR 


SoUIIIWKSIKRN  InDI'SIRISI  Ki  KC- 

iRosics  Co..  2Ssl  Post  Oak  Rd.. 
Houston  19,  I'cxas.  I’PC^-S  power 
supplies  arc  available  with  anv 
specified  outputs  iKtween  1  and 
25  V  d-c.  Output  current  is  rated 
at  550  ma  with  1  ix'rcxnt  regulation 
over  the  entire  load  and  input  volt- 


Designed  for  simple  plug-in  connection 
in  standard  1400  series  receivers  (other 
receivers  may  be  accommodated  by 
modified  versions). 


Write  P.O.  Box  37,  Melbourne,  Florida 
for  Bulletin  RAD  B-110 


ImI  RN'AIIONAI.  RkCTIFIFR  CoRP., 

1521  K.  Grand  Ase..  Kl  Segnndo. 
Calif.,  lias  available  miniatnri/ed, 
liermeticalh  sealed  silicon  power 
diiKles,  'Hies  pros  ide  d<  forward 
currents  up  to  45  am|Hres  with  a 
mavinmni  piv  to  500  v.  Hie  units 
are  csipable  of  operation  at  a  junc¬ 
tion  temperature  of  200  C.  Ce- 
ramic-to-metal  hermetic  sealing  pro- 
sides  added  stabilits  in  ensiron- 
mental  extremes.  No  soft  solders 
or  fluxes  are  used  in  the  sealing 
operation  Circle  541  on  Reader 
Service  Card. 


Power  Supplies 
transistorized 


RADIATION 


INC. 


taCTKONICS  •  AVIONICS  •  INSrHUMfNTATION 

MIltOURNI  AND  ORLANDO,  FLORIDA 


Personnel  Inquiries 
Invited 
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THIS  FELLOW  IS  TRAINED  IN  TOUR  BUSINESS.  Hls 
main  duty  is  to  travel  the  country  —  and  world 

—  penetrating  the  planta,  laboratories  and  man* 
agement  councils . . .  reporting  back  to  you  every 
signiBcant  innovation  in  technology,  selling  tac* 
tics,  management  strategy.  He  functions  as  your 
all-seeing,  all-hearing,  all-reporting  business  com¬ 
munications  system. 

THE  MAN  WE  MEAN  IS  A  COMPOSITE  of  the  editorial 
staff  of  this  magazine.  For,  obviously,  no  one 
individual  could  ever  accomplish  such  a  vast 
business  news  job.  It’s  the  result  of  many  quali¬ 
fied  men  of  diversified  and  specialized  talents. 

AND,  there’s  another  SIDE  TO  THIS  “COMPOSITB 
MAN,”  another  complete  news  service  which  com¬ 
plements  the  editorial  section  of  this  magazine 

—  the  advertising  pages.  It’s  been  said  that  in  a 
business  publication  the  editorial  pages  tell  “how 
they  do  it”  —  “they”  being  all  the  industry’s  front 
line  of  innovators  and  improvers  —  and  the  ad¬ 
vertising  pages  tell  “with  what.”  Each  issue  un¬ 
folds  an  industrial  exposition  before  you  —  giving 
a  ready  panorama  of  up-to-date  tools,  materials, 
equipment. 

SUCH  A  “man”  is  on  YOUR  PAYROLL.  Be  SUrc  tO 
“listen”  regularly  and  carefully  to  the  practical 
business  information  he  gathers. 


McGRAW-HILl  PUBLICATIONS ' 


age  range.  Ihe  120  v  a-c  input  is 
redneed  through  a  specially  de¬ 
signed  transformer,  rectified  in  a 
bridge  circuit  and  filtered.  .\  jxir- 
tion  of  the  output  \oltage  is  coin- 
IKired  to  a  '/cner  diode  reference 
voltage,  amplified  in  a  transistor 
circuit,  and  applied  to  the  input  to 
maintain  a  constant  output  \oltage. 
Circle  3-t2  on  Reader  Service  C'ard. 


Power  Supplies 
miniaturized 

Chicago  Condi  nsi.r  Cort.,  >2ss 
W.  Armitage  .\\e.,  Chicago  -17, 
111.,  announces  a  new  line  of  minia- 
tiiri/.ed  hermeticallv  sealed  power 
supplies  for  d-c.  The  line  is  engi¬ 
neered  for  reliabilitv  and  oil  im- 
jrregnated  for  stabihts.  Ripple  is 
1  ixrcent.  Positive  or  negative 
terminal  can  lx  grounded  to  case; 
standoff  h-\  terminals  are  designed 
for  Side  operation.  Circle  3-4^  on 
Reader  Service  Card. 


Megohmmeter 
and  hi-pot  tester 

CbMRAI  llKRMr.TIC  SlAIINT. 
CoRP.,  99  I'i.  Hawthorne  .\ve..  \'al- 
lev  Stream,  N.  Y.  X'ariable  voltage 
ranges  to  10,000  v  are  avaihiblc  in 
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tlic  new  Megpot  combination 
inegoliininetcr  and  high  potential 
test  set.  Standard  indications  for 
the  nondestriietive  testing  of  coni- 
ponent  dielectric  are  v  a-c 

or  O-s.OOO  \  a-c,  with  higher  ranges 
as  s|xrcified.  Contimioiisly  \ariable 
tests  for  leakage  arc  afforded  by  the 
unit,  with  settings  from  20  ^a  to 
s  nia.  C'ircle  3-4-4  on  Reader  Scrsicc 
Ciard. 


Spectrum  Analyzer 
two  models 


TRA/VSiSTOR 
CURVE  TRACERS 

FOR  RESEARCH,  CIRCUIT  DEVELOP¬ 
MENT  AND  QUALITY  CONTROL  OF 
TRANSISTORS. 


•  High  accuracy  (±2.5%) 

•  Dynamic  tracing  of  entire  family  of  curves 
simultaneously,  including  — 

•  Internally  generated  calibration  axes  dis¬ 
played  at  all  times 

•  Retrace  net  blanked;  anomalies  clearly 
*  seen 


•  For  all  types  of  transistors  and  power 
transistors.  Permits  rapid  determination 
of  parameters.  For  selecting,  matching 
and  detecting  anomalies  and  rejects. 


Model  300A  —  POWiR-Tronsistor  Curve 
Tracer  Bulletin  S-447 

Model  200A  —  Transistor  Curve  Tracer  — 
Bulletin  S-393 


MOOfl  300A 


■m  w . 


MAGNETIC  AMPLIFIERS  INC. 


Ksv  Kir.ciRic;  Ct>.,  Maple  Ave., 
Pine  BrcKik,  N.  ).  Models  sO  and 
100  Sjxctralv/ers  are  designed  for 
accurate  and  rapid  spectrum  anal\- 
sis  for  such  current  applications  as 
the  studs  of  satellite  signals,  tele¬ 
metering.  transmission  jamming, 
tiilx'  microphonics,  transmission  of 
eiKled  frequencies  and  Doppler 
radar.  Both  instruments  displav  the 
I’ourier  frequenev  compments  of 
sonic  and  ultrasonic  disturbances 
of  short  duration.  Carcle  3-45  on 
Reader  Sersiee  Ciard. 


Calorimeter 
uses  no  controls 

lai.ciRO  Imim'Isi  I..shor\iors'. 
208  Riser  St..  Red  Bank.  N.  |.. 
announces  a  ness  calorimetric 
pisser  meter  for  loss  r-f  jxisser  meas¬ 
urements  Ixtsseen  d-c  to  10  kmc. 
I'lill  scale  measurement  range  is 
5  ss  .  Resolution  is  SO  mss  |X'r  disi- 
sion  on  4i  in.  meter.  I  he  instru¬ 
ment  is  self-contained,  self-cooled 
and  requires  onls  connection  to  the 


632  TINTON  AVENUE  • 
136  WASHINGTON  ST. 


NEW  YORK  55,  N.V. 
West  Coast  Division 
•  El  SEGUNDO,  CAL 


•  CYRRESS  2-6610 
•  OREGON  8-2665 
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I  NEW  high  vibration-resistant 

THERMAL  TIME  DELAY  REUY 


H  series  withstands  5^500 cps 


•  For  aircraft,  missiles,  computers,  electronic 
equipment 

•  Time  delays  -3  to  180  seconds 

•  Hermetically  sealed 

•  Fast  reset 

•  Miniature  . . .  AC  or  DC 

The  H  series  is  one  of  ten  Curtiss-Wright  Thermal 
Time  Delay  Relay  series  which  includes: 

S- Snapper — single-pole,  double-throw  snap- 
action  contacts 

IR-TR  and  STR — instant  reset,  voltage  compen¬ 
sated 

MR  and  CR— double-throw  contacts.fast  reset, 

no  contact  chatter 

K-G  and  W — economical,  low-cost 

For  our  new  catalog,  write  or  phone  Electronics 
Division,  Components  Dept.,  Carlstadt,  New 
Jersey,  GEneva  8-4000. 

ELECTRONICS  DIVISION 

CURTISS-WRIGHT^ 

CORPORATION  •  CARLSTADT.  N.  J. 
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GAP/R 

MODIL 

K2-W 


power  line.  It  uses  no  controls. 
sensitise  thermopile  and  inicro- 
ainineter  measure  the  jjower  dis¬ 
sipated  in  the  r-f  load.  Circle  346 
on  Reader  Sersice  Card. 


Coaxial  Hybrid 
in  two  models 


S.\CE  L.\BOR.\roRiES,  Inc.,  1  Lin¬ 
den  St..  Wellesley  SI,  Mass.,  has 
dcsclopcd  a  new  coaxial  hybrid,  the 
Sage  Corbrid.  It  features  an  in-hne 
design  with  output  arms  parallel 
and  adjacent.  1  wo  models  are  avail¬ 
able:  one  for  the  3,500  to  4,200  me 
hand  in  i  coax,  and  one  for  the 
5,000  to  6,000  me  band  in  type  N 
coax.  Isolation  is  in  excess  of  25 
dh  over  most  of  the  band.  Output 
balance  is  within  ±:0.25  dh.  Circle 
347  on  Reader  Service  Card. 


FAST  DC  AMPLIFItR:  Model  K2W  is  an 
efficient  and  foolproof  hi|h-galn  operational  unit 
for  all  feedback  computations,  fast  and  slow. 
A  number  of  special  varieties 
are  also  in  quantity  production. 


($24,001 


Impressive  cost  savings  and  greater 
reliability  arc  inherent  in  the  use 
of  the  new  Ney  molded  contact 
assemblies.  For  use  with  printed 
commutators,  potentiometer  wind¬ 
ings,  slip  ring  assemblies  and 
printed  rotary  switches,  these  as¬ 
semblies  are  available  in  a  standard 
line  now  being  manufactured  by 
Ney,  or  can  be  designed  to  custo¬ 
mer  specifications. 

Seven  prime  advantages  are  ( I )  a 
complete  single  or  multiple  brush 
assembly  ready  to  use,  (2)  no  weld¬ 
ing  or  soldering,  (3)  reduction  of 
adjustment  during  assembly  into 
unit,  (4)  insured  uniformity  of  de¬ 
sired  gram  pressure,  (5)  reduced 
inspection  costs,  (6)  time  tested 
Ney  alloys  for  reliability,  (7)  will 
withstand  extremes  in  operating 
environments. 

SEND  FOR  LITERATURE 


SLOW  DC  AMPLIFIER; 

Model  K2'P  offers  long  term  sub. 
millivolt  stability,  either  by  itself  or  in 
tandem  with  the  K2-W.  High-impe- 
dance  chopper-modulated  input.  Fil¬ 
tered  output  to  drive  bal- 
ancing  grid  or  follower.  ($60.00) 


SERRASSOlO  GENERATOR: 

Model  K2-G  produces  a  hsed  triangular 
wave  of  100  V  peak-peak,  at  500  keps. 
Use  it  lor  a  quadratic  rounding  in  diode 
networks,  and  for  many 
other  non  linear  recreations.  ($29.00) 


PHILBRICK 


uses  these  octal- 
plug-in  modules,  and  many  others  like 
them,  in  their  standard  computing  in¬ 
struments.  They  are  tried  and  true, 
compact,  convenient,  and  economical. 
You  too  can  find  profit  and  happiness 
with  their  help. 

All  K2  Plug-ins  run  on  plus  and 
minus  300  VDC  and  6.3  VAC.  Socket 
wiring  is  simple  and  standardised. 
Write  for  freely  given  opinons  on 
your  applications. 

GEORGE  A. 


Drop  Test  Machine 
simple  to  operate 

The  ,-\eroei.ex  Core.,  34-06  Skill- 
man  .\\c..  Long  Island  City  1, 
N.  Y.  A  new  drop  test  inachine, 
inodcl  30K,  provides  shock  forces 
in  excess  of  77  g’s  on  speciinens 
weiehine  up  to  400  lb.  It  elitni- 


PHILBRICK 


RESEARCHES,  INC.  HUbbard  2-3225 
235  Congress  St.,  Boston  10,  Mass. 

THE  ANALOG  WAY  IS  THE  MODEL  WAY 
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n;iks  tlic  uncertainty  of  impact 
repcatabilitv  inherent  in  the  con- 
\entional  tejK  sand  Ik-cI  macliines, 
aeeorcling  to  the  eoinpanv.  The  ma¬ 
chine  consists  of  a  piston  type  plat¬ 
form  on  which  the  equipment  to 
Ik;  tested  is  mounted.  The  plat¬ 
form  is  tlien  subjected  to  a  free  fall 
into  a  cslinder  of  air  pressure.  Pro¬ 
visions  are  made  to  mount  an  ac¬ 
celerometer  to  the  platform  which 
supplies  acceleration  data  to  a  re¬ 
cording  devices.  Circle  5-48  on 
Reader  Service  Card. 


Power  Triode 
high  vacuum 

Imi;rnation.\i.  Tkikphonf  & 
I'ki  M;RAi>n  CoRH.,  6"  Broad  St., 
New  York  4,  N.  Tv  pc  l'-7207 
high  vacuum  power  tricnlc  is  de¬ 
signed  for  use  as  a  jMiwer  amplifier 
or  iiKKlnlator  and  |xirticularlv  suit¬ 
able  for  Class  .\B  operation.  1  he 
tulx'  lends  itself  to  ssb  applications 
and  shake  table  operations.  It  has 
an  air  cooled  aiKKle  and  is  capable 
of  17  kvv  dissipation  with  an  air 
flow  of  1,000  cfm  at  a  static  pres¬ 
sure  of  i4  in.  of  water.  Circle  349 
on  Reader  Service  C^ard. 


Correlator 

signal-noise 

C.F.NF.RAI,  Kr  FCTROMC  I.ABORA- 
TORiFs,  Inc.,  18  .\mes  St.,  Cam¬ 
bridge,  Mass.  Model  I-lOl  signal- 
noise  correlator  can  be  used  to  make 
dynamic  signal-to-noisc  measure- 


Here’s  information  you’ll  want 
on 


stundhrd 


Accurate,  reliable,  versatile  Elapsed 
Time  Indicators.  SyrKhronous 
motor  drive,  manual  or  electric 
zero  reset.  Electric  clutch  controlled 
by  manual  or  automatic  switch 
or  output  of  electronic  tubes. 
Units  available  for  flush  panel 
mounting  or  portable  use. 


00 


KfOUEST  BUILETIN  NO.  198 


Med*l 

Seal* 

Division* 

T*lalii*s 

Accuracy 

S-100 

1/  5  sec. 

6000  sec. 

±.l  sec. 

S-60 

1  /  5  sec. 

60  mm. 

±.1  sec 

$M-60 

1/100  min. 

60  mm. 

±.002  min. 

S-10 

1/10  sec. 

1000  sec. 

±.02  sec. 

S-6 

1/1 000  min. 

10  min. 

±.0002  min 

S-1 

1  1 00  sec. 

60  sec. 

±.01  sec. 

MST 

1/1000  sec. 

.360  sec. 

±.001  sec. 

MST.500 

[  1/1000  sec.|  30  sec. 

±.002  sec. 

THE  STANDARD  ELECTRIC  TIME  COMPANY 

89  LOGAN»STREET  •'  SPRINGFIELD,  MASSACHUSETTS 
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QSS 

IMIISISIUIZED 


YOKES 

*  I"  ★  IV."  ★  I"  *  I'A"  CRT  NECK  DIA. 

for  MILITARY  and  COMMERCIAL  PRECISION  DISPLAYS 


HIGH  RESOLUTION 
FAST  RECOVERY 
HIGH  SENSITIVITY 
LOW  LP 
CONTROLLED 
MAGNETIC  FIELDS 


Writ*  for  CELCO  DEFLECTION  YOKE  Cataloflu«  &  0*tign  Sh**tt  or  for 
imniAdiot*  •ngin**ring  oiiitlonc*  Coll  yovr  iT*ar*tt  CELCO  Plont: 
AAahwah.  N.  J.  AAiomi,  Ho.  Cucamonga,  Calif. 

I  — ****** 
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RIBBONS -STRIPS 


N.  Y.  38.  N.  Y 
worth  2-2044 
COrtlondt  7-0470 


VERSATILE  TOOLS 
for  ELECTRONICS 
and  RESEARCH 


incuts  at  tlic  outputs  of  various 
types  of  coniiminications  cquip- 
nicnt  Midi  as  rccciscrs,  ainplificTS, 
or  magnetic  tape  svsteins.  I’lie 
signal-to-noisc  ratio  can  Ik-  meas¬ 
ured  without  remosing  eitlier  tlic 
signal  or  the  noise.  Botii  may  Ik- 
present  at  the  same  time  in  tlic 
output  of  the  equipment  iKing 
tested.  Circle  350  on  Reader  Serv¬ 
ice  Card. 


For  use  in  — 
Trouble  Shooting 
Performance  Tests 
Life  Tests 
Electronic  Gages 
Nuclear  Studies 


Tracer  Element  Studies 
Scintillometers 
Air  Samplers 
Photronic  Devices 
Audiometers 


DC  Milliammeters:  having  the  simplicity  and  ruggedness  found 
only  in  direct-writing  recorders.  No  linkages.  No  servo-motors. 


Critical  Damping  Swinging  Time 
Resistance  |  (Critically  Damped) 


Coil 

Resistance 


Range 


50, (XX)  Ohms 


1400  Ohms 


0.5  second 


4,000  Ohms 


70  Ohms 


0.5  second 


Ask  for  Catalog  Section  42 

The  Meter  With  a  Record"  For  Over  50  Years 


The  ESTERLINE-ANGUS  Company,  Inc. 

Pioneers  in  the  Manufacture  of  Graphic  Instruments 

Dept.  E,  P.  O.  Box  596,  INDIANAPOLIS  6,  INDIANA 


Rectifier  Stacks 
for  150  C  operation 

Trans-Sii.  Cori’.,  55  lloncck  St.. 
Knglcwood,  N’.  J..  announces  a  line 
of  diffused  silicon  rectifier  stacks. 
Illustrated  is  a  single  phase  bridge 
assemblv  rated  to  deliver  10  am- 
jK-res  with  an  rnis  input  of  -420  v, 
with  convection  cooling  in  an  am¬ 
bient  of  150  C.  Overall  dimensions 
are  3  in.  h\  3  in.  In  3  in.  Stacks 
are  available  in  circuit  configura¬ 
tions  to  deliser  up  to  ”5  amperes 
with  eoinection  cooling  in  am¬ 
bients  to  1  50  C  w  ithont  derating. 
C'ircle  351  on  Reader  Scrsice  Card. 
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of 

if  PURE  TUNGSTEN  if  THORIATED  TUNGSTEN 

★  MOLYBDENUM  if  SPECIAL  ALLOYS 

and  OTHER  METALS 
IN 

ULTRA  THIN  SIZES 

to 

TOLERANCES  CLOSER  THAN  COMMERCIAL  STANDARDS 

by 

OUR  SPECIAL  ROLLIHG  TECHNIQUE 

Note:  for  highly  engineered  applications— strips  of  TUNGSTEN 
and  some  other  metals  can  be  supplied 


V-R  Power  Supply 
transistorized 

k'l.pcf)  I,.\noR.MORii.s,  Inc..  I31-3S 
Sanford  Ave.,  Mushing  55,  N.  Y. 
Model  SC-32  I  5  transistorized  volt¬ 
age  regulated  power  supply  delivers 
0-32  V,  0-15  anifK-rcs.  Regulation 
for  line  or  load  is  less  than  0.01% 


Finisb:  Roll  Finish— Black  or  Cleaned 

Ribbons  may  be  supplied  in  Mg.  weights  if  required 


For  HIGHLY  ENGINEERED  APPLICATIONS 

DEVELOPED  AND  MANUFACTURED  BY 
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%  STIU 
OKtATING 


%  RATED  UEE 


If  you  wont 
reliable  transformers 

..don’t  overlook  this  old  solution 

Right  now,  you  demand  more  from 
transformers  than  ever  before.  You 
must  have  high  reliability,  even  at 
extreme  altitudes,  and  you  need 
smaller  lighter  units. 

Used,  and  proved,  for  decades,  oil* 
encased  transformers  should  not  be 
forgotten  in  a  search  for  new 
methods. 

Everyone  knows  the  advantages: 
effective  convection  of  heat,  excel¬ 
lent  insulating  properties,  complete 
insurance  against  hidden  leaks.  Oil* 
sealed  types  (with  a  nitrogen  hub* 
ble)  are  good,  light,  high-altitude 
transformers.  Gas-free  oW-filled 
types  (with  a  bellows  to  allow  for 
heat  expansion)  withstand  very  high 
voltage  stresses.  Except  in  the  small¬ 
est  sizes,  they  save  space,  too. 

You  can  place  several  high  voltage 
units  close  together  in  a  single  oil- 
filled  case,  and  save  case  weight. 
Those  connections  moved  inside  the 
case  no  longer  need  large  insulators. 
Even  the  units  themselves  can  be 
smaller.  This  all  adds  up — particu¬ 
larly  in  high  altitude  service — to 
interesting  savings  in  space  and 
weight. 

We  make  all  sorts  of  transformers 
and  special  assemblies  for  the  com¬ 
munication  industry:  encapsulated, 
cast  in  epoxy  or  foam,  and  just  potted 
in  pitch.  But  oil  transformers  still 
have  an  important  place. 

Whatever* type  you  need,  we’ll  be 
glad  to  hear  from  you.  Our  facilities 
in  design,  production,  and  quality 
control  are  at  your  service.  Our 
experience,  too. 

O-A-LEDOlSri  A. 

I  tUCTtONICS  ANO  TIIANS»0«Mt«  CO»rO« AIION~l 

Dept.  E-6,  Caledonia,  N.  Y. 

In  Canada:  Hackbusch  Electronics,  Ltd. 

23  Primrose  Ave.,  Toronto  4,  Ontario 


or  0.001  V,  whichever  is  greater. 
Ripple  is  less  than  500  fiv  rins. 
Recovery  time  is  less  than  50#iscc. 
Operating  ambient  temperature  is 
50  C  maximum.  Temperature  co¬ 
efficient  is  less  than  0.01%  per  deg 
C.  Output  impedance  is  less  than 
0.001  ohm.  Circle  352  on  Reader 
Service  Card. 


Frequency  Monitor 
for  telemetering 

.M.scnmic  Rkskarcii  C()ri>..  5K)0 
\\  .  K1  Segundo  Bl\  d..  1  lawtliorne, 
Calif.,  has  developed  a  new  line  ot 
magnetic  fre-quenev  discriminators 
for  the  purpose  of  comertmg  fre- 
quenev  deviation  into  analog  volt¬ 
age  variation.  These  converters  are 
primarilv  intended  for  telemetering 
instrumentation. 

The  units  produce  a  well  filtered 
I  0-5  V  d-e  output  voltage  in  response 
to  a  frec|uencv  deviation.  One  ap¬ 
plication  is  the  measuring  of  the 
|)ovver  frequency  of  aircraft  and 
I  missile  power  sources  and  the  fre- 
c|uencv  dev  iation  from  their  normal 
'  value.  Circle  353  on  Reader  Serv- 
'  iee  Card. 


I 


V  4 

Test  Chambers 
walk-in  type 

j  ni  vi.i.oi'Mr.NT  Knoinf.kri.nc  Co., 

I  9  Cross  St.,  Norwalk.  Conn.  Salt 
I  sprav  fog  test  chamlK'r  line  now 
includes  large  walk-in  nMiins  de¬ 
signed  to  operate  according  to  spec- 
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VITREOSiL 


FUSED  QUARTZ  . 

MEETS  YOUR 
CRITICAL 
REQUIREMENTS 


Q 

D 

D 

Q 

Q 

Q 


Absalute  Chemical  Purity 


Extreme  Heat  Resistance 


Thermal  Shtek  Resistance 


Chemical  Inertness 


Outstanding  Electrical  Preperties 


Full-Range  Radiant  Energy 
Transmission 


VITREOSIL  fused  quartz  prod¬ 
ucts  can  be  supplied  in  an  un¬ 
usually  large  variety  of  types 
and  sizes.  Also  fabricated  to 
specification  to  meet  semi-con¬ 
ductor  requirements. 

TRANSPARENT  VITREOSIL 

For  ultra-violet  applications, 
metallurgical  investigations  and 
processes,  chemical  research  and 
analysis,  photochemistry,  spec¬ 
troscopy  and  physical,  optical 
and  electrical  research  and  pro¬ 
duction  operations.  Send  specifi¬ 
cations  for  your  requirements. 
Please  use  coupon  below. 

See  our  ad  in 

Chemical  Engineering  Catalog 


THERMAL  AMERICAN 
FUSED  QUARTZ  CO.,  INC. 

18-20  Soiacn  Str««l,  Devar,  New  Jartay 


Plaota  tand  technical  data  on 


Company _ 

Noma  8  Title 

Street _ 

City - 


.Zone 
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r- ;  ■ ' 


plectrical 

^CtOjKlilil>0iCilili0iKi& 


AO 

TOO 


ification  MIL-E->272-A.  lliey  arc 
a\ailable  in  various  sizes  large 
enough  to  acconunodate  wheeled 
equipment  and  heavy  assemblies. 
Heated  bv  electric  blankets,  these 
units  come  up  to  o]x*rating  temper¬ 
ature  in  one  hour  and  show  temper¬ 
ature  variations  of  no  more  than 
F.  Illustrated  (ou  p  147)  is  one 
of  the  smaller  walk-in  ehamlxrs— 
6i  bv  8J  by  8  ft  high.  Circle  3s4 
on  Reader  Service  C'ard. 


by  R.  George  Roesch 


Automatic  Wire  Processing 
with  Standard  Equipment 

When  standard  equipment  can  be  incorporated 
into  a  system  for  outomotically  stripping,  fluxing 
and  tinning  coil  leads,  the  cost  of  such  equipment 
is  invoriobly  much  less  than  thot  of  special  equip¬ 
ment. 


^CUSTOM  BUILDERS 
AND  DESIGNERS  OF: 

CAVITIES 

MIXERS  •  DETECTOR  MOUNTS 
DUPLEXERS  •  MULTIPLIERS 
ROTARY  JOINTS  •  BENDS 
TWISTS  •  OTHER  COMPLEX 
COMPONENTS  &  ASSEMBLIES 


The  benefits  of  mechanizing  any  operation  ore 
(1)  uniform  quality,  (2)  fewer  rejects  and  (3) 
lower  inspection  costs. 


Application-engineered  microwave 
parts  and  complex  as.semblies  are 
our  specialized  field.  We’ll  manu¬ 
facture  components  to  your  prints 
...or  we  will  design  and  integrate 
them  into  your  application. 

You  can  depend  on  J-V-M  for  close 
coordination,  guaranteed  electrical 
performance  and  "know  how”  that 
is  attested  by  innumerable  assem¬ 
blies  ranging  from  dc.  to  40,000  me. 
now  in  industrial  and  military  use. 


Flip-Flop 

transistorized 


COMPI’TKR  CONTROI  Co.,  InC.,  92 
Broad  St.,  W'cllcslcv,  Mass.  MtKld 
SF  101  shift  flip-flop  is  a  tran¬ 
sistorized  digital  plug-in  package. 
I  he  circuit  is  mounted  on  an 
etched  copper-clad  epow  laminate. 
Overall  package  size  is  21  in.  by  4 
in.  I  he  12-pni  p-c  connector  with 
its  polarizing  guide  pin  is  supplied 
with  the  plug-in  package.  Carcle 
355  on  Reader  Service  Card. 


For  exompla,  using  o  standard  wire  stripper 
such  os  illustrated,  we  hove  mode  automatic  coil 
leod  stroightening,  trimming  ond  stripping  equip¬ 
ment  for  Electric  Auto-lite,  Ford  Motor,  General 
Electric,  Westinghouse  and  others.  (Note:  Each 
system  was  designed  and  built  to  meet  the  indi¬ 
vidual  requirements  of  the  user. 


A  COMPLETE  PROGRAM  generally 
works  out  like  this: 


1.  Your  Products  ond  Your  Present  Methods  ore 
studied  by  our  engineers,  without  obligation 
to  you. 

2.  When  we  ore  certain  we  completely  under¬ 
stand  your  needs  and  wishes,  o  Program  of 
Engineering  and  Experimental  Work  will  be 
submitted.  (NOTE:  Nothing  will  be  under¬ 
taken  until  Proven  Methods  hove  been  ex¬ 
perimentally  developed.) 

3.  This  Program  will  tell  you  (o)  How  Much  Time 
will  be  required  ond  (b)  The  Maximum  Cost 
of  Engineering  and  Experimental  Work. 

4.  If  you  accept  this  program,  the  results  mutt 
meet  your  own  tpecifleotions.  Otherwise 
there  will  be  no  charge  mode  by  us. 

5.  Assuming  the  experiments  mode  prove  the 
job  con  be  done,  we  will  then  submit 
Schematic  Drawings  and  o  Quotation  for 
your  consideration  on  oil  the  equipment 
needed  to  perform  the  desired  operotions. 


1.  Variable  vane  directional  coupler  .  . 
sliding  vane  type  .  .  .  high  directivity- 
low  VSWR. 


Thermocouple  Gage 
battery-operated 

CoNSOi  iD.viiai  I  j.i:c.  I  roijyn.vmk  s 
CoRi’..  17“5  Mt.  Read  Hhd.. 
Rochester  3,  N.  Y.,  has  available  a 
new,  single-station  batterv-ojxrated 
thennocouple  vaennm  gage,  t\|K' 
G'I  C-110.  Powered  by  a  1.5  v  size 
n  flashlight  batterv.  contained  in 
the  gage  housing,  it  covers  the 
range  from  0  to  1,000  microns  Ilg 


2.  Pre-selector-mixer.. .S  band. ..50  ohm 
input  impedance  .  .  .  high  Q  double- 

I  tuned  ganged  cavities. ..detector  out- 
put  .  .  .  frequency  stable  from 
-55®  to  +  85°  C. 


Get  Ml  information  on  J-V-M 
ttondard  or  custom-engineered 
microwave  ports  and  components, 
ofso  compfex  mechonicol  ossem- 
bfies.  Request  catalog  today. 


THE  ERASER  COMPANY,  INC. 

1068  S.  Clinton  St.,  Syracuse  4,  N.  Y. 

It  it  taid  by  Tin  Research  Intfifvte  that  sotdering 
of  silver-plated  contacts  can  !>•  facilitated  if  the 
surfaces  are  first  immersed  in  a  cold  solution  of 
B%  thiour«a  in  5%  hydrochloric  ocid. 
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[yV-Wj  J-V-M  MICROWAVE 
^  COMPANY 

4A3I  LAWNDALE  AVENUE,  LYONS.  ILLINOIS 
Phone:  Lyons  3-7990-TWX:  Lyons,  III.  2796 
CIRCLE  121  READERS  SERVICE  CARD 


)ELECTRICAL  instruments  CO..INC.  n 


NOW  we  can  meet  the 
demand  for 


on  one  nonlinear  scale,  with  s  mi¬ 
crons  the  smallest  indicated  mark¬ 
ing.  C'ircle  356  on  Reader  Service 
Card. 


Expanded  plant  .  .  .  increased  stafF  .  .  .  New,  improved 
automation  techniques  ...  to  meet  the  demand  of  elec* 
tronic  equipment  manufacturers  for  custom  produced  panel 
meters,  in  production  quantities. 

PACE  meters  ore  manufactured  under  rigidly  controlled 
climatic  conditions  to  meet  critical  specifications  os  to  sen* 
sitivity,  resistance,  damping,  response  time^  illumination, 
scoleplote  design,  etc. 

S«iid  for  lotMt  illwttrpt^d  cptalos,  ovoilobtp  wpon  r*qu#$t. 

WritPf  wirp  or  phonp  for  epplicotiont  pnoinoorinp,  comultotion  on^  OiStitOfKOl 


Precision  Pot 
sealed  unit 


Waikrs  .\Ik;..  Inc.,  Waylaiul. 
Mass,  .\bsolute  panel  sealing  is 
|xrimtted  bv  the  new  .\P114  lier- 
metic~al  seal  precision  jjotentiom- 
eter.  Pre-tinned.  it  can  be  easilv 
soldered  into  the  p;mel.  rerminal 
lugs  are  installed  with  a  glass  to 
metal  seal,  and  are  positioned  for 
easv  wiring.  Brass  case  is  plated  m 
conformance  with  militarv  rec|mre- 
nients.  Circle  357  on  Reader  Sers* 
ice  C^ard. 


o  DfV(<«on  of  Procifiofi  Apporofws  Co.«  frK. 

70-31  84th  Street,  Glendale  27,  L.I.,  N.Y. 

CipO(t:  MorKofi  Exportinf  Corp^  45ft  ftroodwoy,  N.  Y.  O4  N,  Y, 
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COMPLETE  LINE  for  every  Military  and  Special 
purpose  ...  in  PRODUCrElON  QU.WTIl  lES  ...  or 
CU.STOM  DESIGNED  to  your  s|}ecific  requirement. 


Connector 
and  test  bench 


.\i  ni  N  Prooocis  Co.,  1 17  N.  Main 
St.,  Brockton  64,  Mass.,  announces 
a  self-contained  industrial  control 
connecting  assortment.  .\nv  elec- 
triKil  control  device  can  lx  con¬ 
nected  III  5-10  minutes  using  the 
Uni-Phig.  I' or  one-time  jobs  or 
prototvjx'  lavouts  new  3-wirc  de¬ 
tachable  cable  junctions  make  pos- 


/ASTRL.tltWTS,  /AC. 


100  Industrial  Road,  Addison,  III.,  Phone  KIngswood  3-6444 
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for  many  different 
applications 


Continuous  electroplating  methods  permit 
coating  of  many  metals  on  to  wire  (or  rib¬ 
bon)  in  specified  thicknesses  of  plate  . . .  This 
very  flexible  operation  mokes  it  possible 
to  designate  a  desirable  base  or  precious 
metal  with  a  coating  of  another  metal  for 
its  own  particular  characteristics.  In  aur 
laboratory  Tungsten  wire  as  small  as 
.00015"  has  been  electroplated  with  Gold. 
. .  .  New  combinations  of  plating  on  wire  are 
being  developed  by  our  research  staff. .  .  . 

Consult  vs,  without  obligation,  about 
your  specific  wire  problems.  Write 
for  list  of  products. 


SIGMUND  COHN  MFG.  CO..  INC. 


SINCE  1901  11'  SOOTH  COtUA^BUS  AVENUE  •  MOUNT  VEBNON  NEW  TOBX 


CIRCLE  125  READERS  SERVICE  CARO 


A  copy  of  this  quick-reading,  8-page  booklet  is 
yours  for  the  asking.  It  contains  many  facts  on  the 
benefits  derived  from  your  business  paper  and 
tips  on  how  to  read  more  profitably.  Write  for  the 
"WHY  and  HOW  booklet." 

MeGraw’Htll  Publishing  Company,  Room  2710^330  West 
42nd  St.,  New  York  36,  N.  Y. 


siblc  quick  assembly  of  complete 
wiring  harnesses  in  jnst  the  right 
length  and  connector  lasont.  After 
protot\|X'  harnesses  have  been  de¬ 
signed  and  proxen  out,  any  quan¬ 
tity  rims  can  be  unit  molded  as 
one-piece  detachable  cables,  ready 
for  quick  interconnection  of  con¬ 
trols  on  production  equipment. 
Price  of  the  industrial  control  con¬ 
necting  assortment  is  529s.  Circle 
358  on  Reader  Scrs  icc  Card. 


Mobile  Console 
tests  power  supplies 

\\  rSlI  RN  ni.SK;N  &  Ml\..  CoRP., 
Sant.i  Barbara,  Calif.  .\  self-con¬ 
tained,  mobile  console  for  labora¬ 
tory,  assembly  or  flight  line  testing 
of  d-c  to  d-c  |)ower  sn|)plies  is  of¬ 
fered  aircraft  and  missile  manufac¬ 
turers.  nesigned  for  complete  func¬ 
tional  testing  under  am  load 
condition,  the  console  is  readily 
modified  to  customer  specifications 
for  testing  of  the  principal  param¬ 
eters  of  all  tvjKs  and  makes  of 
power  supplies  having  am  number 
of  d-c  outputs.  Circle  359  on 
Reader  Sersiee  Card. 


Phase  Meter 
precision  device 

An  Vn  Ki.i;ci ROMCS  I,.\n,  Kx., 
249  l  erlunie  Ave.,  Pass-iic.  N.  |. 
'I'yjx  405  scries  phase  meter  is  a 
highly  stable  and  convenient  device 
for  measuring  a  phase  angle  Ix- 
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PRECISION 

DEFLECTION 


COMPONENTS  DIVISION 


CANADA  LIMITED 


301  WindMir  St.  HaWu.  N.  S. 

8230  Mayraiid  St,  Montreal,  Qua. 

MSA  Yonca  St,  Toronto,  Ont 

Corporation  Houra.  180  Lauricr  Weet  Ottawa,  Ont 


tween  two  altern.'iting  voltages 
without  cither  ainphtude  ot  fre- 
qucnc)’  adjustnient.  It  gives  direct 
indication  of  phase  angle  in  degrees 
from  500  kc  down  to  1  cps  with 
an  accuracy  of  i  deg  relative.  It  is 
also  capable  of  plotting  phase- 
frequency  curses  on  a  recorder  or 
oscilloscope.  Circle  360  on  Reader 
Scrsice  Card. 


SU9  Rkas« 

Tvo-JUia  T«1m 

Component  Development 
Engineering  at  its  BEST! 

•  ADVANCED  ELECTRICAL  DESIGN 
•  ntECISION  MECHANICAL  DESIGN 
•  ACCURATE  PRODUCTION  METHODS 


Cuctorrt  Built  to  tho  moot 
Caocting  Spocificotiono 
by  Coooor  Enginoors 


•  fer  Optimum  Oeemelrf 
for  Speed  end  Sensitivity 
etic  Ceveg  fer  FerfeeUen  of  Ri 


DESIGN  and  PRODUCTION  of 
ELECTROMECHANICAL 
ASSEMBLIES... 
PRECISION  SERVOS... 
GEAR  HEADS... 


Any  of  Costor'ft  Three  CorcTypea  can  be 
mode  ill  or  double  axis  with  tingle  or 

poeh'pttll  windings,  and  encapsulated  for 
fixed  or  slip  ring  (rotating '  ute. 


Coax  Attenuators 
accurate,  stable 

Narda  .\Iicrowavi,  Corp.,  \lmc- 
ola.  N.  \  new  series  of  precision 
coax  attenuators  carrv  ]KTinancntlv 
marked,  accurate  calibrations  at 
four  frcc|ucncics.  .Models  arc  avail¬ 
able  for  1.000  to  11.000  me.  at  5. 
6  and  10  dh  attenuation;  20  db 
models  are  available  for  2.000  to 
11.000  me.  .Ml  have  an  impedance 
of  50  ohms.  Calibration  accuraev 
is  *0.2  db  for  20  dh  iikkIcIs;  ^0.1 
dh  for  the  rest.  Circle  361  on 
Reader  Scrxicc  C^ard. 


Normal  characterittict  of  yoket  for  1*1,2  in. 
neck  tabes  arc 

PoaitKmal  accuracy  •  the  spot  poaitioo  will  con¬ 
form  to  the  yoke  current 
co-ordinatea  within  0.25% 
(4  tube  diameter  For  de¬ 
flection  anflea  leaa  than 
t  2S^  better  accuracy  can 
ea«ly  be  achieved. 

Idemoty  •  0.5%  max^  without  over- 

swmt; 

0. or  lest  with  controlled 
*  ovenwing. 


Link  Aviation  can  provide  expert 
assistance  in  the  design  and  manu¬ 
facture  of  precision  electromechan¬ 
ical  assemblies,  because: 

•  Link  has  years  of  experience 
designing  computer  assemblies 

•  Fabrication  and  assembly  are 
performed  under  environment¬ 
ally  controlled  conditions 

-  Stringent  quality  control  in¬ 
cludes  100%  inspection  of  preci¬ 
sion  gears  with  graphical  record 

Call  Link  at  Binghamton  3-631 1 
today — or  send  your  speciheations 
or  drawings  directly  to  Industrial 
Sales,  Department  R. 

Link’s  #026  precision  Gear  Re¬ 
duction  Kit,  with  16  interchange¬ 
able  gear  and  pinion  clusters  for 
making  23  different  ratio  setups, 
is  available  for  your  experi¬ 
mental  and  development  needs. 


Compkte  cacaptidation  m  epoxy  (^ycast)  or 
•ilkooe  rewM  b  tbiBdard  for  all  CoMor  deflection 
yokel,  and  b  done  whh  tpecial  moulding  toob 
emuring  occumte  aligmncn*  <4  the  yoke  exitk  ^  When 
•lip  ringt  ore  added.  loHd  tUver  rings  ore  fhounted 
in  encopoutoting  rewi.  The  finished  slip  nng  yoke 
b  precision  turned  to  centre  bore,  sod  esn  include 
hearing  mounting  surfaces  srith  dimensional  toler¬ 
ances  approuchmg  tboor  asoociable  with  high  quality 
metal  parts. 


Decade  Switch 
for  automation  use 

l  iiF.  Dicmran  Co..  45  \\  .  I’uion 
St.,  I’as;idcua.  Calif.  Model  7110 
Digi.switch  is  a  3  for  5  deeade 
switch  featuring  single  and  double 
]>oIe.  as  well  as  hinarv-coded  switch 
configurations  for  each  decade.  1  he 
desired  switch  position  is  selected 
by  rotating  the  knurled  knob.  The 


LINK  AVIATION,  INC. 

■INONAMTON.  NSW  VORK 
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EISLER  VERTICAL 
SPOT  WELDERS 

MADE  IN  SIZES  1/2— 1—2— 3— 5  KV 


in-line  Digiswitch  allows  the  oper¬ 
ator  to  read  only  the  mnnlK’rs  that 
are  visible  —  replacing  ordinary 
switches  with  arrow  indicators  or 
standard  indicator  dials.  Switches 
are  available  with  contact  ratings  of 
200  V  and  1  ampere.  Measurements 
are  1.S4  in.  by  1.7i  in.  by  1.87  in. 
Circle  3b2  on  Reader  Service  Card. 


WITH  OR  WITHOUT  TRANSFORMER  OR  TIMER 
S*nl  to  Any  Radio  Tub#  Monufocturor 
in  U.S.A.  on  a  30  Day  Froo  Trial  Basis. 


Pioneer  In 

Operations  Research 


[J-/SL£»  VERTICAL. 


Operations  Research  is  a  young 
science,  earning  recognition  rapidly 
u  a  significant  aid  to  decision-mak¬ 
ing.  It  employs  the  services  of 
mathematicians,  physicists,  econo¬ 
mists,  engineers,  political  scientists, 
psychologists,  and  others  working 
on  teams  to  synthesize  all  phases  of 
a  problem. 

At  ORO,  a  civilian  and  non¬ 
governmental  organization,  you 
will  become  one  of  a  team  assigned 
to  vital  military  problems  in  the 
area  of  tactics,  strategy,  logistics, 
weapons  systems  analysis  and 
communications. 


Transistor  Tester 
rapid,  accurate 


No  other  Operations  Research 
organization  has  the  broad  expe¬ 
rience  of  ORO.  Founded  in  1948  by 
Dr.  Ellis  A.  Johnson,  pioneer  of 
U.  S.  Opsearch,  ORO’s  research 
findings  have  influenced  decision¬ 
making  on  the  highest  military 
levels. 

ORO's  professional  atmosphere 
encourat^  those  with  initiative  and 
imagination  to  broaden  their  scien¬ 
tific  capabilities.  For  example,  staff 
members  are  taught  to  "program" 
their  own  material  for  the  LJnivac 
computer  so  that  they  can  use  its 
services  at  any  time  they  so  desire. 

ORO  starting  salaries  are  com¬ 
petitive  with  those  of  industry  and 
other  private  research  organiza¬ 
tions.  Promotions  are  based  solely 
on  merit.  The  “fringe"  benefits 
offered  are  ahead  of  those  given 
by  many  compianies. 

The  cultural  and  historical  fea¬ 
tures  which  attract  visitors  to 
Washington,  D.  C.  are  but  a  short 
drive  from  the  pleasant  Bethesda 
suburb  in  which  ORO  is  kvated. 
Attractive  homes  and  apartments 
are  within  walking  distance  and 
readily  available  in  all  price  ranges. 
Schools  are  excellent. 


Wf.STFRX  iNSrRltMFMS.  P.O.  Box 
621,  Ridgecrest.  Calif.  .\  new  iipii 
or  pup  transistor  tester  determines 
the  small  signal  d-c  gain  for  the 
grounded  emitter  omfiguration,  the 
collector-to-base  Irakage  current, 
and  the  collector  to<initter  leakage 
current,  .\ccnrate  to  within  s  jxr- 
cent  and  direct  reading,  it  is  applic¬ 
able  in  acceptance  and  prcwif  test¬ 
ing.  or  any  program  requiring  tlic 
quick  cxalnation  of  large  mnnbers 
of  transistors.  Circle  363  on  Reader 
Service  Card. 


Na.«3-VIL 


TRANSISTOR  eoi 

DIODE  MACHINERY 
AUTOMATIC  OR 
SEMI-AUTOMATIC 


FOR  TOMKISroRS  and  OlOOES 
6  STATION  mOeXINC  40  TuRMNIi  SFlHOVES 


For  further  mformation  writu: 
Proftttionol  Appomtm^nti 


OPERATIONS  RESEARCH 
OFFICES 


The  Johns  Hopkins  University 


Relay 

25-ampere  unit 

Ei.i.c:i  Ro  -  Mf.ch.xmc.m.  Spfciaf- 
UFS  Co.,  Inc.,  1016  North  High¬ 
land  .\ve.,  Los  Angeles  38,  Calif, 
'llic  No.  323ST'  is  a  lightweight 


Send  for  Catalog  Dr.  Choi.  Eitler,  M.  E.  founder 
CHAS.  EISLER,  JR.,  PRES. 


io.  13th  St.  NEWARK  3,  N.  J. 

CIRCLE  129  READERS  SERVICE  CARD 


June  6,  1958  —  ELECTRONICS  engineering  edition 


PANORAMIC’S 


Panoramic  Model  PDA-1  Spectral 
Power  Density  Analyzer 


Panoramic  Spectrum  Analyzer  ; 
selected  for  frequency  coverage 
desired  isee  table  below) 


Chart  Recorder 


3pst  25  ampere  relay  for  3  phase 
operation.  It  is  designed  to  meet 
the  stringent  requirements  of  air¬ 
borne  and  missile  applications,  jx-r 
MII.-R-6106.  Temperature  range 
is  —  65  C  to  4-  125  C. 

Hie  relay  is  available  with  up 
to  two  additional  double  throw 
switches  if  required.  It  operates  on 
as  little  as  1.5  watts.  It  measures 
I  i  b\  1 4  b\  2i  in.  Circle  364  on 
Reader  Sersice  Card. 


spectrum  &  power  density  analysis 
of  both  discrete  &  random  data 
from  0.5  cps  — 300  kc  with  ONE  rapid 
precise  instrumentation  system  series 


Completely  reliable  and  extremely  verjotile,  Ponoramic'x 
52  system  eliminotes  tedious  and  less  accurate  forms  of 
measurement  of  the  spectra  due  ta  both  discrete  ond 
non-discrete  waveforms.  Four  modes  of  spectrum  analysis 
are  pravided,  selectable  thraugh  front  panel  switching: 
Amplitude  (Voltage)  vs.  Frequency— Fast,  accurate 
method  of  analyzing  repetitive  signals  or  regular 
spectrum  onolysis  of  discrete  woveforms.  It  olso  permits 
rapid  preliminary  analyses  of  random  functions. 
Instantaneous  Power  (Squared  Amplitude)  vs.  Frequency 
—Rapid  response  to  time  variations  of  random  input 
information.  Dominant  spectral  regions  are  pinpointed 
by  emphasized  peaks. 

Average  Power  vs.  Frequency— Smoothing  filter  modifies 
squaring  amplifier  output  to  attenuate  peaks  of  short 
duration  and  give  a  continuous  plot  of  the  mean  power 
vs.  frequency  of  random  signals.  Averaging  filter  time 
constant  is  variable  to  adjust  degree  of  smoothing. 

Time  Integral  of  Power  (Total  Power)  vs.  Frequency 
—  Integrator  sums  up  instantaneous  power  contributions 
within  norrow  sampling  filter  bandwidth,  dischorges  and 
commences  build-up  on  the  odjocent  spectrum  segment. 
The  locus  of  the  maximum  deflection  in  each  spectrum 
segment  gives  a  quontitative  plot  of  total  power  vs.  fre¬ 
quency  throughout  the  entire  band  under  analysis.  The 
integration  interval  may  be  synchronized  with  playback 
of  a  magnetic  tape  loop  splice  or  may  be  set  free 
running.  This  synchronized  operation  permits  quantitative 
onolysis  of  non-time  stotionory  signals  such  as  speech. 
Proper  scon  rate  assures  100%  intercept  of  data  on 
recording.  Blanking  network  precludes  splice  transients 
from  causing  spurious  readings. 

SYSTEM  SERIES 


automatically  provides  a 
repeotobfe,  permanent 
ink-on-paper  record  for 

•  vibration  and 
environmental  tests 

e  speech  and 
noise  analysis 

e  medical  and  geo¬ 
physical  waveforms 

e  Fourier  analysis  of 
periodic  motions 

•  random  waveform 
analysis,  lime 
stationary  or  otherwise 


Voltmeter-Amplifier 
for  IOmv- 1,000  V 


B(H)nion  Ti  kciromcs  Cori’..  “3S 
S|KxclwclI  Morris  Plains, 

N.  ).  \I(k1c1  97-.\  precision  cl-c 

voltinctcr-ainplificr  offers  case  of 
operatitin  and  direct  reading  in 
the  range  of  10  p\  to  1,000  \.  The 
14  voltage  ranges  calibrated  in 
multiples  of  1  and  3  are  easilv  read 
on  the  large  6  in.  mirrored  sc"ale 
meter. 

.'\s  a  d-c  amplifier  it  lias  a  maxi¬ 
mum  gam  of  70  db  and  is  capable 
of  providing  —  0.5ma  into  a  1500 
ohm  load.  .\n  output  bias  control 
111  the  instrument  allows  the  ad¬ 
justment  of  output  to  anv  current 
Intween  0  and  0.6  ma,  with  zero 
d-c  input  condition.  Circle  365 
on  Reader  Service  Card. 


dependable  V 

CERTIFIED 

SPECIFICATIONS  . 

for  accurate  / 

,  data  I 


$»nd  for  out  n«w 
CATAIOC  DIGEST  ond  otk 
to  bo  put  on  our  rogular 
moiling  lift  for  Tho 
I  PANORAMIC 

ANAirZER  foatur- 
^  e  I  '"P  opplitation 
data 


Resolution 


RMOfd.f 


Anolyz.r 


Othur  froquoncios  avoilobU  on  spocial  order 
S  Write,  wire,  phone  for  detailed  specification 

bulletin  covering  Panoramic's  new  PDA-I  and 
complete  $2  instrumentation  system. 

4  R|  O  lA  A  B  1 1 0  I  Panaramic  instruments  are  PROVED  PERFORM- 

A|ullKA|lffll|  1  ERS  in  laborataries,  plants  and  military  installa- 

'  ”  III  elf  1 1  tions  all  aver  the  world.  Specialized  experience, 

*****  P*®*Vi*'**.  INC.  ,s^  rigid  quality  controls,  continuous  product  im- 
provement  and  far-sightec  development  tech- 
^  '  *  niques  guarantee  relioble  equipment  .  .  .  defini¬ 

tive  analysis  of  measurement  problems. 

530  South  Fulton  Avenue,  Mount  Vernon,  N.  Y. 

Phone;  OWent  9-4AOO  *  Cobles;  Panoramic,  Mount  Vernon,  N.  Y,  Stole 


Oldham  Coupling 
for  high  torques 

Stkri.inc  Precision  Corp.,  17  Ma- 
tinccock  Avc.,  Port  W'ashington, 


r 
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FM-AM  STANDARD 

SIGNAL  GENERATOR 

Type 


0.3-240  Mc/s 

in  6  ranKes 

FM: 

Normal:  ±  6,  ±  25,  and 
±  75  kc/a  ranges 

High:  ±  75,  ±  160,  ±  300, 
and  :t  600  kc/s  depending 
on  frequency  range. 

AM: 

0-80% 

DISTORTION: 

<2%  at  ±75  kc/a  FM 
<6%  at  50%  AM 


OUTPUT:  0.1  /iV  to  0.1  V  across  50  or  75  ohms 
in  1  dB  steps  •  Crystal  calibration  of  dial  • 
Direct  reading  ±  50  kc/s  Incremental  Fre¬ 
quency  dial  •  Simultaneous  FM  and  AM  • 
Rugged  militarized  construction  (NATO 
K114  specs.). 


Represented  In  Canada 

BACH-SIMPSON 

London/Ontario 


by 


Represented  in  the  United  States  by 
WELWYN  INI.  INC. 


72  Emdrupvej,  Copenhagen  NV-1,  Denmark 


3355  Edgecliff  Terrace,  Cleveland  11,  Ohio 
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hvrttM€*S  ENGRAVING  MACHINE  CORP. 
13-19  University  Place,  New  York  3,  N.Y, 


N.  Y.,  lias  added  a  new  Oldliain 
t\p>e  coupling  to  its  line  of  bread¬ 
board  equipment.  'ITie  couplings 
are  applicable  in  serso  transmissions 
and  similar  drives  where  relatively 
high  torques  are  involved.  Ihey 
consist  of  three  basic  elements— the 
two  male  hubs  which  are  fastened 
to  the  shafts  to  be  coupled,  and  a 
floating  female  center  section.  'Hie 
design  is  such  that  the  female  con¬ 
necting  portion  is  pcnnancntly  at¬ 
tached  to  one  of  the  male  sections 
thus  simphfving  assemblv.  Circle 
366  on  Reader  Service  Card. 


Tape  Strobe 
checks  speeds 

Scott  Instri'mkni  Labs.,  17  L. 
48th  St.,  New  York  17,  N.  Y.,  has 
available  a  tape  strolie  for  the  ready 
checking  of  tape  speeds  of  all  tape 
recorders.  It  is  a  precision  mounted 
wheel  housed  in  a  machined  alumi¬ 
num  yoke  so  that  the  user  may 
appiv  it  directly  to  moving  ta)x-. 
Under  60  cycle  light  sources,  ref¬ 
erence  marks  on  the  wheel  disk  ap¬ 
pear  to  stand  still  if  the  tape  is 
moving  past  the  capstan  at  correct 
speeds.  If  sjxed  is  slightly  slow 
the  marks  apjxar  to  move  slowly 
backward,  and  vice  versa.  Circle 
367  on  Reader  Service  Card. 


.  Solenoid 
aluminum  foil  type 

JoBBiNs  Fr.KCTRONics,  771  Hamil¬ 
ton  .\ve.,  Menlo  Park,  Calif.  A  new 
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FLUHER 

METERS 


MODEL  FL-4t  WIDEBAND  FLUTTER  METER 


MODEL  EL  SA  LABORATORY  STANDARD  FLUTTER  METER 


MODEL  FL  SA  BROADCAST  FLUTTER  METER 


M  402  Cast  Street 

dal-*  POBC.  1500 

Santa  Bart>afa  California 
t  rtliatti  Totephone  WOoPland,  5  4511 


solenoid,  by  virtue  of  the  use  of  an 
aluniinuin  foil  winding,  has  an  cx- 
tretnely  uniform  field  and  is  very 
light  in  weight.  It  finds  its  applica¬ 
tion  in  the  focusing  of  traveling 
wave  tubes  and  klystrons.  Circle 
368  on  Reader  Service  Card. 


SYNONYMOUS 


For  the  most  complete  line  of  Flutter  Meters, 
there  is  only  one  source  —  d  &  r  LTD.  From  the 
meters  used  in  simple  maintenance  test  equip¬ 
ment  to  the  most  complex  standardization  and 
analysis  equipment  for  missile  flight  systems  and 
telemetering  systems  -  we  make  them  all. 


Power  Supply 
for  missile  uses 

The  D.wf.n  Co.,  Livingston.  N. 
has  developed  a  new  high-tempera¬ 
ture,  regulated  transistor  power  sup¬ 
ply,  series  60.\.  for  missile  and 
aircraft  applications.  Featuring  the 
exclusive  use  of  silicon  transistors 
and  diodes,  plus  high  temjxrature 
resistors,  capacitors  and  transform¬ 
ers,  these  units  piermit  continuous 
operation  at  full  load  in  an  ambient 
temperature  of  8?  C  without  heat 
sink.  Input  is  24  v  d-c  to  30  v  d-e. 
Output  is  2>0  ma  at  100  v  d-c. 
Output  voltage  stability:  tempera¬ 
ture,  less  than  1.0  v  cliangc  for  a 
variation  in  ambient  temperature 
from  —55  C  to  85  C;  load  varia¬ 
tion,  less  than  0.125  v.  change  from 
full  load  to  half  load;  input  varia¬ 
tion,  less  than  0.125  v  change  for 
a  variation  of  input  voltage  from 
24  V  to  50  V.  Ripple  is  less  than  10 
m\  rms.  Cirele  369  on  Reader 
Sersiee  Card. 


WIDEBAND  FLUHER  METERS 


FMturm 

A  convenient  mstninient  of  modertte  cost  for  use  m  field  main- 
tenince  of  inusic-systeni  tape  recorders  and  reproducers,  and 
pfionopa^  turntables. 

Specifications 

Carrier  frequency  -  3000  cps.  stabilized  oscillator 
Bandnidth  -  within  3  db  to  250  cps  modulation 
Bandwidth  Selection  -  0.5  to  6  cps.  6  to  250  cps,  0.5  to  250  cps 
Scale  Ranies-  2\  and  0.5%  lull  scale  rms 
Price:  $225.00 


Features 

A  very  sensitive  broadband  instrument  for  laboratory  use  hi  the 
precise  measurement  of  small  amounts  of  flitter  with  compo¬ 
nents  up  to  5000  cps  Most  frequently  used  in  telemeterinj  and 
data  reduction  systems 
Specifications 

Carrier  Frequncy  -  U.500  cps  crystal  controlled 
Bandwidth  -  Dc  to  5000  cps  within  6  db 
Bandwidth  Selection  -  Full  range  above,  0.5  to  30  cps 
30  to  300  cps  300  to  5000  cps 
Scale  Rpiges  -  0.2%.  0  6%  and  2.0%  rms  full  scale 
Drift  Meter  -  ±  2.0%  frequency  change  d.s  tq  4  cps 
Display  -  3-inch  Dat-face  oscilloscope  for  flutter  analysis 
Prtce:  $965.00  racA  mounted,  $1000.00  in  cabinet 


Features 

An  eitremely  stable  {temperature  controlled  discriminator!  in¬ 
strument  with  great  sensitivity  and  extended  bandwidth  for  labo¬ 
ratory  work  in  connection  with  precision  instrumentation  data 
recorders  Galvanometer  outputs  provided. 

Spacificetions 

Carrier  Frequencies  -  40  kc.  and  70  kc..  cr^tal  controlled 
Bandwidth  -  O.c.  to  10  kc.  with  70-kc.  carrier 
to  4  kc.  with  40  kc.  canier 

Indicating  Instruments  -  Level  Meter,  and  ±  2%  Drift  Meter 
Output  Signals  -  Scope,  two  galvanometer  outputs 
Sensitivity -005%.  02%  and  2.0%  selectable 
Drift  -  On  dc  galvo.  output,  less  than  10  parts  per  million 
in  V5  hour 

Price:  $3450.00  rack  irrauntad 


STATNAM  MODEL  A52 

linear  accelerometer 

OlMENSlOrrS  32'  wide 
I  35~  high  I  $4'  long 
WEIGHT  0  grami.  ap- 
proiimately 

RAHCES  - 5  to  1100  g 
NON  LINEARITy  A  HYS- 
TEOESIS  Not  more  than 
11%  Is 

TRANSDUCTION  Resis¬ 
tive.  complete,  balanced 
bridge.  Slatham  un¬ 
bonded  strain  gage 


STATHAM  MODEL  R332 
Hush  diaphragm  pres 
sure  transducers 
DIMENSIONS  25”  di¬ 
ameter  I  47"  long 
WEIGHT  3  grams,  ap- 
proiimately 

RANGES  0  10  to  0  200 
psia.  psig.  or  psid. 

-5  to  ”  25  psid 
NON  LINEARITY  A  HyS- 
TERESIS  Not  mote  than 
-1%  Is 

TRANSDUCTION  Resis¬ 
tive.  complete  bridge 
Statham  unbonded  strain 

gage 


Wiring  Harness 
prefabricated 

METiionE  Mig.  Corp.,  7447  W. 
Wilson  Avc.,  Chicago  51,  Ill. 
Miilticonductor  film  insulated  flat 
wiring  is  now  asailablc.  Called 
Plyo-Diict.  this  new  application  of 
the  firm’s  printed  circuit  products 
is  available  in  both  standard  par¬ 
allel  line  arrangements  and  special 
custom  piitterns  as  designed  bv  the 
user.  Circle  370  on  Reader  Service 
Card. 


Sinl/ieiin'f  nrriirntr,  rrlinhlr 
line  of  firfHHiirr  Iranixtiirerii 
and  afrtleromclrrr  arr  drxii/nrd 
to  mffi  the  txartinij 
requirrmrntx  of  loday'x  niixtile  and 
sii/tersonir  aircraft  programs. 
Let  us  assist  you  with  your 

instrumentation  irroblems. 


Featurq* 

An  instrument  designed  for  accurate  measurement  and  analysis 
of  flutter  and  wow  in  highquality  audio  tape  recorders. 
SpDcIficatkme 

Carrier  Frequnecy  -  BOOO  cps-  stabilized  oscillator 
Bandwidth  -  D.C.  to  1200  cps. 

Bandwidth  SelKtion  -  Full  range,  0.5  to  30. 

30  to  300. 300  to  1200  cps. 

Scale  Ranges  -  02%.  0.6%.  and  2.0%  rms  full  scale 
Display  -  3-inch  oscilkncope  for  waveform  observation 

Price:  $845.00  rack  mounted,  $880.00  bi  cabliMt 

WRITE  FOR 

COMPLETE  INFORMATION  AND  PRICES 


'Model  shown  actual  size 
Complete  data  are  available  upon  request. 


INSTRUMENTS.  INC. 

12401  W  Olympic  Olvd  .  let  angeles  64.  Califernia 
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MINIATURIZED 

CARRIER  TELEPHONE  SYSTEMS 
FOR  RADIO  AND  4-WIRE  CABLE 


HIGH  FREQUENCY 


Induction 


BRAZING 
ANNEALING 
HARDENING 
SOLDERING 
^  MELTING 


/  LEPEL  Electronic  Tube 
^  GENERATORS-1  *CW;  2’i  KW, 

5  KW;  to  KW;  30  KW;  30  KW;  50  KW; 
75  KW;  too  KW. 

LEPEl  Spark  Gap  Converters 
3  KW.  4  KW;  7’a  KW;  15  KW.  30  KW 


lit  rm  Ntw  tiRfi  CATAioc 


Literature  of 


FOUR  OR  24  CHANNELS 


Two  miniaturized  voice-multiplex  systems  providing 
four  or  24  voice  channels  over  radio  or  4-wire  cable 
are  available.  They  have  many  advantages  over  earlier 
designs:  high  performance,  small  size,  light  weight,  low 
cost,  circuit  simplicity,  low  power  requirements,  small 
number  of  tubes  of  a  single  type  only,  low  operating 
cost,  low  maintenance  and  high  reliability. 

These  systems  provide  a  voice-channel  flat  within  1  db 
from  300  to  3500  cycles,  for  each  4  kc  of  bandwidth 
occupied.  Each  channel  is  equipped  with  hybrid,  signal¬ 
ling,  and  dialling  circuits  for  all  the  standard  2-wire  and 
4-wire  loop  options. 

The  basic  unit  provides  an  order-wire- and  4  carrier- 
derived  channels.  These  units  can  be  stacked  in  groups 
of  2,  3,  4  or  5  by  means  of  a  group  modem  to  provide 
9,  14,  19  or  24  channels.  Full  flexibility  is  provided  for 
dropping  and  inserting  channel  groups  at  repeater  and 
terminal  points.  Moderate  lengths  of  4-wire  cable  or 
open-wire  line  may  be  inserted  between  the  multiplex 
equipment  and  the  radio  terminals. 


MATERIALS 


Cadmiiini  Strip  and  Foil,  .\incr- 
itan  Silver  Co.,  Inc..  i6-()7  Prince 
St.,  l  liisliing  S4,  N.  V.  A  new  data 
sheet  that  tabulates  the  physical 
and  chemical  characteristics  of 
ultra-thin  and  high-precision  toler¬ 
ance  cadmium  strip  and  foil  is  av  ail¬ 
able.  Circle  75  on  Reader  Serv  ice 
Card. 


atcr-Re|»cllent  C'oating.  Beck- 
man/Scientific  Instruments  Pivi- 
sion,  2500  Fullerton  Rd.,  Fuller¬ 
ton,  Calif.  Bulletin  2f)2  discusses 
Dcsicotc,  a  water-repellent  coating 
of  molecular  thickness,  which  can 
be  used  on  glass-to-rnetal  seals  (such 
as  tube  bases),  thus  lowering  elec¬ 
trical  leakage  enmsed  b\  water  \a|Jor. 
Circle  76  on  Readcrr  Service  Card. 


24-<haniMl  caiTi«r-t«l*phona  tarminal  cemplat*  with  hybrids, 
ringing  and  dialling  circuit*,  and  t*tl  faciliti**.  Dimantiont  or* 
SB"  high,  16"  wida  and  S"  daap.  Pawar  input  250  watt*.  WaighI 


COMPONENTS 


Circuit  Breakers.  l-l’-F.  Circuit 
Breaker  Co..  Philadelphia  >0.  P.i. 
Complete  information  for  the  use 
of  the  current-limiting  Cordon  cir¬ 
cuit  breaker  for  short  circuit  nro- 
tection  on  low-volt.ige  s\  steins  is 
given  in  a  new  bulletin.  Circle  77 
on  Reader  Service  C.'ard. 


Fleetric  Motors.  Task  Corp , 
1009  F.  N’ermont  Ave.,  Anaheim. 
Calif.  .\  four-page  illustrated  bro¬ 
chure  describes  a  series  of  high 
power  densitv  electric  motors.  In¬ 
cluded  arc  charts  indicating  horse¬ 
power  figures  in  terms  of  vveiglit 
and  volume.  Circle  78  on  Reader 
Service  Card. 


GOLD,  SILVER,  PLATINUM, 
RHODIUM,  PALLADIUM... the 

precious  metals  generally  cost  the 
same,  no  matter  where  you  buy 
them.  But  you  do  get  more  for 
your  money  when  you  buy  pre¬ 
cious  metal  plating  from  Harper- 
Leader.  You  get  the  full  benefits 
of  the  engineering,  metallurgical, 
and  other  highly  specialized  serv¬ 
ices  of  Harper-Leader’s  technical 
staff. 

Send  for  Bulletin  E-58 


l.um)K‘d  Constant  Dclav  l.incs. 
Control  Klcctronics  Co.  Inc., 
I  limtington  Station,  N.  ^.,  has 
issued  a  -4-pagc  catalog  descril-.mg 
their  special  and  standard  liiin]K’d 
constant  delav  lines.  Circle  79  on 
Reader  Service  Card. 


Precision  Cilass.  1  ischer  &  Porter 
Co.,  691  Jacksonville  Rd.,  llatboro. 
Pa.  Catalog  S0-2>  contains  a  well- 
illustrated  discussion  of  fabrication, 
materials,  tolerances  and  applica- 


LEPEL  HIGH  FREQUENCY 
LABORATORIES,  INC. 

5S>h  ST*[(T  ond  AVENUI.  WOODSIOi  77. 
NEW  TO*K  CITY.  N  T 


_:5 _ 4  Waterbury  20,  Conn 
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RADIO  ENGINEERING  PRODUCTS  I 

1080  UNIVERSITY 

ST.,  MONTREAL  3,  CANADA 

TELEPHONE 

CABLES 

UNivcriily  6-6BB7 

RADENPRO.  MONTREAL 

CIRCLE 

137  READERS  SERVICE  CARD 

ELECTRICAL  INSTRUMENT  CO.,  INC 


PENACOOK,  N.  H 


rLtnjIh 


CHAR  PLASTIC  S'Hl  X  3 


Catalog  on  Request 


23  CLEAR  PLASTIC  4'/$  X  4><6 


Write  •  Phone 

TECHNICAL  WRITING  SERVICE 

Mcdraw-Hill  Book  Co.,  Inc 
330  W  42nd  St,,  N.  Y  36  N  Y 
lOngocre  4-3000' 


Philadelphia  6,  Pa.  Bulletin  57-C 
illustrates  and  describes  inode! 
lOsO  high  impedance  current 
pulse  generator  which  delisers  over 
1  50  w  of  aserage  pulse  power  and 
o\cr  1.3  kw  of  peak  pulse  power. 
Complete  sjxcifications  arc  given. 
Circle  86  on  Reader  Service  Card. 


Circular  and  rectangular  parabolic 
antenna.'<  with  reflector  tolerances  to 
meet  the  mo.st  rigid  specifleations  .  .  . 
fabricated  to  order. 


»//  our 
trering  Staff 
redesigning 
tvelopment 
I  of  any 
rt  at 

Obligation! 


D-C  .\mplifiers.  Dvnamics  In¬ 
strumentation  Co.,  Division  of 
.Mtxrhill  Corp.,  1118  Mission  St., 
South  Pasadena.  Calif.  .\  six-page 
folder  presents  a  family  of  preci¬ 
sion  d-c  instrumentation  ampli¬ 
fiers.  Photograplis,  line  drawings 
and  complete,  specifications  are  in¬ 
cluded.  Circle  87  on  Reader  Serv¬ 
ice  Card. 


CABINETS 


Precision  ccmstniction  to 
your  exact  specification  of 
cabinets  and  consoles  for 
electronic  equipment. 


ON  OUR  STAFF 


D-C  VrVM.  Millivac  Instru- 
meuts,  P.O.  Box  997.  Schcnectadv, 
N.  .\  four  page  folder  deserilK-s 
the  M\'-57.\  piecision  d-c  vtvm 
and  d-c  calibrator.  I'lie  unit  dis¬ 
cussed  measures  100  n\  to  1  k\  i 
picrccnt  accuracy.  Circle  88  on 
Reader  Service  Card. 


If  you  need  effective,  highly 
readable,  smartly  illustrated 
company  literature  (booklets, 
pamphlets,  manuals)  to  display 
your  products,  inform  the  public 
of  your  operations,  attract  key 
personnel  to  your  plant,  and  per¬ 
form  any  of  the  other  communi¬ 
cative  functions  vital  to  your 
business,  let  TECHNICAL  WRIT¬ 
ING  SERVICE  do  the  job  for  you. 


T.  M.  Re^. 
Canada 


Dtpt.  256,  Baltimore  29,  Md.  •  Circle  2-1000 


Direct  -  \\'riting  Oscillograph. 
Offner  Klectronics  Inc.,  5320  N. 
Kedzie  .\ve.,  Chicago  25,  Ill.  Bul¬ 
letin  181  illustrates  and  describes 
the  tyjx'  542  Dvnograph,  a  high¬ 
speed.  sensitive  and  stable  two- 
channel  direct-writing  oscillograph. 
Circle  89  on  Reader  Service  Card. 


How  To  Get  Things  Done 
Better  And  Faster 


WRITING  •  EDITING 
ILLUSTRATING  .. 


instruments.  .Seton  Laborator¬ 
ies,  Inc.,  533  Main  St.,  .\cton. 
Mass.  \  file  t\jK‘  brochure  pro¬ 
vides  condensed  catalog  data  on 
the  company’s  complete  line  of  in¬ 
struments.  .\mong  those  included 
are  phase  meters,  phase  standards, 
vtvni’s  and  potentiometer  test 
cxjuipment.  Circle  90  on  Reader 
Service  Card. 


We  produce  your  publications,  to 
your  specifications.  We  give  com¬ 
plete  service — from  research  and 
planning  through  writing,  design, 
and  printing.  Let  our  staff  be 
your  staff.  It  will  save  yau  time 
and  money. 


—  We  Prepare  — 
EQUIPMENT  MANUALS 
HANDBOOKS  •  PRODUCT 
BULLETINS  •  TRAINING  AIDS 
PAMPHLETS  •  REPORTS 
BROCHURES  •  COMPANY 
HISTORIES  •  PARTS  LISTS 
and  other  such  special  material. 


Magnetic  Core  I’estcr.  Kese  Lii- 
ginccring,  Inc.,  731  .Arch  St.,  Phila¬ 
delphia  6,  Pa.  Bulletin  57-G  de¬ 
scribes  model  1 1 00  magnetic  core 
tester,  a  modular,  current  pulse  gen¬ 
erator  which  delivers  programmed 
pulse  chains  in  a  periodicallv  re- 
jxated,  basic  8  step  pattern,  for  lab 
analysis  and  producti.in  testing  of 
magnetic  materials.  Circle  91  on 
Reader  Service  Card. 


Gives  Grophic  Picture  —  Saves  Time,  Saves 
Money,  Prevents  Errors 

■jlf  Simple  to  operate  —  Type  or  Write  on 
Cords,  Snap  in  Grooves 
■jlr  Ideal  for  Production,  Traffic,  Inventory, 
Scheduling,  Sales,  Etc. 

Mode  of  Metol  Compoct  and  Attroctive. 
Over  250,000  in  Use 

Full  price  S495O  with  cords 

rnrr  24-PAGE  BOOKLET  NO.  C-30 
_______  Without  Obligation 

Writ*  for  Your  Copy  Today 

GRAPHIC  SYSTEMS 

55  West  42nd  Street  •  New  York  36, N.  Y, 
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Resistance  Bridge  Indicator.  Da- 
tran  Klectronics,  1836  Rosccrans 
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8030  GEORGIA  AVENUE,  SILVER  SPRING,  MARYLAND 


Produces  Desired 
Atmospheres 

whhin  a  test  chamber 


Ave.,  Manliathin  Beach,  Calif.  A 
four-page  technical  brochure  sug- 
gc-sts  many  applications  of  the  RBI 
which  can  be  calibrated  to  indicate 
directly  in  inicroinchcs  of  strain, 
psi,  pounds,  etc.,  dejx’nding  upon 
the  tyjx-  of  strain  gage  transducer 
being  used.  Circle  92  on  Reader 
Sersice  Card. 


and  maintains  these  constancies 

+1/2%  relative  humidity 


Shoek  Mounting.  Federal 
Shock  Mount  Corp.,  1060  W  ash¬ 
ington  Ave.,  New  York  56,  N.  V. 
Bulletin  l  l.\  deserilKs  engineered 
vibration  and  shock  mounting  sys¬ 
tems  for  airborne  electronic  equip¬ 
ment  and  other  applications.  One 
section  deals  with  a  partial  descrip¬ 
tion  of  the  test  facilities  available  at 
I’ederal.  Circle  95  on  Reader  Ser\- 
ice  Card. 


A  Unique 
Method 
of  Control 
for  High 
Degree 


FACILITIES 


Pot  Winding.  Dejur-.\msa) 
Corp.,  45-01  Northern  Blvd.,  l.ong 
Island  City  1,  N.  Y.  Two  of  the 
most  difficult  operations  in  the 
manufacture  of  precision  pots  are 
bonding  the  wire  securely  to  tbe 
card  or  mandrel,  and  remosing  in¬ 
sulating  material  where  the  brush 
makes  contact.  I  he  company  has 
developed  a  new  method  for  achiev¬ 
ing  this.  .\  free  sample  section  of 
winding  is  available.  Circle  94  on 
Reader  Scrsicc  C^ard. 


Accuracy 


OTHER  SPECIAL  FEATURES 

Completely  Self-Contained  —  Just 
connect  to  electrical  power  and  water 
•  Simple,  Convenient  Controls — 
All  on  one  panel  •  Rapid  Response 

—  High  sensitivity  components  • 
Adequate  Insulation — 2"  high-grade 
thermal  insulation  between  inner  and 
outer  walls  •  Visible  Water  Level 

—  With  automatic  float  valve  • 
Integral  Drains — Built-in  drain-traps 
prevent  entrance  of  sesver  gas  • 
Readily  Accessible  Interior  —  For 
inspection  or  flushing  •  Stainless 
Steel  Interior  —  And  fender  steel 
(lacquered)  exterior  •  Quality  Com¬ 
ponents — Protected  by  properly  fused 
circuits  and  isolated  from  humidity 
and  temperature. 

EVERY  UNIT  THOROUGHLY 
TESTED  BEFORE  SHIPMENT 


The  AMINCO-AIRE 
embodies  a  principle  that 
eliminates  the  main  source 
of  humidity  and 
temperature  differentials 
encountered  in  other 
systems.  A  stream  of  air 
from  the  test  chamber  is 
first  brought  to  a  selected 
dew  point  temperature, 
then  heated  to  a  fixed 
dry-bulb  temperature  and 
returned  to  the  test 
chamber.  Thus  the  air  is 
conditioned  before  it  enters 
the  test  chamber. 


riny  Part  Stamping.  Be  Cu 
Mfg.  Co.,  Inc.,  40  Kent  St.,  New¬ 
ark,  N.  J.  .\  new  brochure  ilhis- 
tratc's  many  subminiatnrc  stamjxd 
and  formed  components  and  p.irts 
made  from  special  metals  and  al¬ 
loys.  It  dcscrilKS  briefly  mctluKls 
used  by  the  company  and  special 
equipment  and  facilities  available 
for  manufacturing,  inspc-cting  and 
testing  the  accuracy  of  the  sub¬ 
miniature  parts  and  components. 
Circle  95  on  Reader  Service  Card. 


Tube  (^nstniction  Technique. 
Sylvania  F.lcctric  Products,  Inc., 
1740  Broadway,  New  York  19, 
N.  Y.  .\  new  12-page  booklet 
“I'ramelok  C'.rid”,  deserilxs  design 
and  |K’rformancc  advantages  (if  a 
unique  electron  tulx  construction 
technique.  Circle  96  on  Reader 
Service  C'ard. 


For  complete  information  send  for  BULLETIN  2276—  Z 
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PLANTS  and  PEOPLE 


inuiiitoring  equipment  in  the  audio 
and  video  broadcasting  field.” 

Joseph  B.  Kpperson,  vice-presi¬ 
dent  in  charge  of  engineering  for 
Scripps-Iloward  Radi«),  Inc.,  Cleve¬ 
land,  Ohio,  “for  achievements  in 
the  broadcasting  field.” 

.\rthur  M.  Harrison,  manager, 
large  rotating  apparatus  depart¬ 
ment,  Westinghouse  Klectric 
Corp.,  East  Pittsburgh,  Pa.,  “for 
contributions  in  the  field  of  large 
rotating  machinery.” 

Chester  L.  Osenbaugh,  director 
of  the  Electric  Division,  Memphis 
Light,  Gas  &  Water  Disision,  Citv 
of  Memphis,  I'enn.,  “for  design 
and  administrative  achievement  in 
directing  the  engineering,  construc¬ 
tion  and  operation  of  an  electric 
utility  system.” 

Clement  S.  Schifreen,  cable  and 
insulation  research  engineer,  Phila¬ 
delphia.  Pa.,  “for  contributions  to¬ 
ward  extended  life  and  load  ratings 
of  underground  power  cables.” 

Millard  C.  Westrate,  staff  con¬ 
sulting  engineer.  Commonwealth 
.Associates.  Inc.,  Jackson,  Mich., 
“for  contributions  to  economic  op¬ 
erations  of  power  systems  and  to 
high  frequency'  radio  communica¬ 
tion.” 


Clerk  Tracks  20,000  Items 


margin,  providing  immediate  indi¬ 
cation  tlic  instrument  has  been 
checked  out.  When  the  instrument 
is  returned,  this  information  is 
"posted"  bv  simply  removing  forms 
in  front  of  the  card. 

One  of  two  form  copies  kept  in 
the  file  is  used  as  a  recertification 
recall  notice  when  ncccssiiry.  The 
third  copy,  designed  as  a  manila 
equipment  tag.  goes  with  the  in¬ 
strument  to  the  head  of  the  using 
department. 

On  the  visible  margin  of  the 
form  is  a  vertical  series  of  blocks, 
each  representing  one  quarter  of  a 
month.  All  instruments  have  been 
scheduled  so  that  an  equal  number 
come  up  for  certification  during 
each  quarter.  Once  every  eight  days, 
the  clerk  scans  the  file  and  notes 
which  instruments  are  due  for  re¬ 
certification.  Scanning  all  20,000 
records  takes  only  about  an  hour. 


Some  20,000  items  of  test  and  lab¬ 
oratory  equipment  are  accounted 
for  and  automatically  scheduled  for 
recertification  by  a  ness  record  sys¬ 
tem  at  ARM.A  Division  of  Ameri¬ 
can  Bosch  .\rma  Corp.,  Garden 
City,  X.  Y.  lire  division  produces 
integrated  navigational  and  defen¬ 
sive  systems  involving  gyroscopics, 
optics,  radar,  computing  pneu¬ 
matics  and  hydraulics. 

Dcsclopicd  for  .\RM.A  by  \"1SI- 
record,  Inc.,  the  new  system  (pic¬ 
ture)  requires  only  one  clerk. 
W’ithin  seconds  she  can  tell  where 
and  by  whom  any  instrument  is  be¬ 
ing  used  and  when  the  item  is  due 
back  for  recertification. 

Records  arc  kept  on  custom  de- 
signed  6  by  8  in.  cards  arranged  in 
banks  in  open-tub  units  so  that  the 
right-hand  margin  of  every  card  is 
visible.  To  locate  a  given  record 
the  clerk  scans  the  indexed  banks, 
flicks  open  the  projxr  bank,  scans 
the  visible  card  margins,  and  ex¬ 
tracts  the  proper  card.  All  thumb¬ 
ing  is  eliminated — the  only  card 
touched  is  the  one  she  wants. 

About  hvo-thirds  of  the  work  re¬ 
quired  by  conventional  record  sys¬ 
tems — posting  instrument  check¬ 
outs  and  check-ins  onto  file  cards — 
is  eliminated,  says  the  maker,  by  a 
sjx:cial  triplicate  snap-out  form 
filled  out  by  instrument  users.  'Flic 
form  is  designed  so  two  copies  of 
it  can  be  stood  up  in  front  of  the 
instrument’s  record  card  in  the  file. 
The  forms  cover  the  card’s  visual 


AIEE  Elevates 
Six  Members 


California  Firm 
Gets  New  V-P 

Former  chief  aerologist  for  the 
U.  S.  Navy,  Howard  P.  Orville 
(picture)  is  now  vice  president  at 
Beckman  &  Whitley,  Inc.,  San 
Carlos,  Calif.  In  this  newly  crcatcxl 
post,  he  will,  through  the  presi¬ 
dent,  assist  the  instrument  and  mis- 


The  American  Institute  of  Electri¬ 
cal  Engineers  has  raised  six  of  its 
members  to  the  grade  of  Fellow. 

Members  honored  and  their  cita¬ 
tions  are; 

Howard  A.  Chinn,  chief  engi¬ 
neer,  CBS  Television,  New  York, 
N.  Y.,  “for  his  contributions  to  the 
development  of  measuring  and 
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show  stopper 


G'R’A'J 


THOUSANDS  SAY  “THERE’S  NO  ROOM  FOR  DOUBT!" 


What  a  reaction  to  the  Mark  II  Thinslide  in  action! 


Never  before  so  many  features  in  one  slide.  Continuous  ball 
bearing  action  . .  .  installation  without  cabinet  modification 
(only  %"  side  space  re<juired) . . .  will  easily  support  100  lb. 
loads ...  extruded  aluminum  shapes  with  stainless  steel  balls 
. . .  locking  and  tilting  mechanisms  available ...  in  lengths  from 
12"  to  24". ..and  prices  so  modest  as  to  make  all  of  your 


equipment  more  accessible  for  servicing  and  maintenance. 

Grant  is  prepared  to  give  you  the  facts  on  the  Mark  II  Thin¬ 
slide— u'rite  for  complete  information  on  the  newest,  most 
exciting  Grant  Slide— the  Mark  II! 

If  the  question  is  accessibility . . .  the  answer  is  Grant. 

grant  pulley  &  HARDWARE  CORPORATION 


23  High  Street,  West  Nyack,  New  York  •  944  Long  Beach  Avenue.  Los  Angeles  21,  California 
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WIRE  STRIPPERS  &  CUTTERS 


Howard  B.  Jones  Division 

C»*»CW  MANURACfWIINC  COlPONAVlOM 

CHICAGO  24.  ILLINOIS 

RV«ttP<ANT  ov  UMiTID  CAII  VaSTIMIN  COtP 


1133  W.Mubbofd  St,.Chico9»  22,  ttl.,U.S.  A. 


I’m  Building  a  College  Fund 
for  My  Kids  with  the 


I'm  earning  in 
Mobile-Radio 
Maintenance  1 


silc  products  divisions  as  well  as  the 
board  of  directors  in  long-range 
scientific  and  technical  planning. 
Product  lines  with  which  he  \\  ill  be 
presently  concerned  include  meteor¬ 
ological  instruments,  high-speed 
research  cameras,  and  explosive- 
actuated  desices. 


UONES  500  SERIES 
LONGER  —  STURDIER 

Wider  and  higher  barriers 
for  increased  creepage  dis¬ 
tances.  Clo.sed  bottoms  for 
complete  insulation.  Ma¬ 
terial  between  barriers  at  the 
base  adds  to  the  strength 
and  maintains  the  same 
creepage  distance  between 
contact  to  contact  and  con¬ 
tact  to  ground.  Can  be  im¬ 
printed  here.  No  insulating 
or  marker  strip  required. 
Three  series — 540,  541  and 
542  having  the  same  termi¬ 
nal  spacing  as  our  140,  141 
and  142  series. 

Complete  listing  in  the 
new  Jones  No.  22  catalog. 
Write  for  your  copy  today. 


Specialists  in  designing  ond  monuFocturing  oF  oil- 
purpose  Fasteners  and  wire  Forms.  Tooled  to  pro¬ 
duce  over  1000  styles  in  any  screw  site,  materiol, 
finish,  quantity,  to  your  speciFkations. 

Serving  Industry  for  Thirty^Five  Years 
-  OTHf  2  2tOOUCTS  - 


•  .TOOLS  •  DIES  •  STAMPINGS 
Bullwtlnn  on  compfoto  lim  on  roqwost 


AMF  Acquires 
New  Division 

In  \  move  to  further  integrate  its 
guided  missile  operations,  .\mcrican 
Machine  &  I'oundiy  Co.  has 
changed  the  status  of  the  Associ¬ 
ated  Missile  Products  Corp.  of 
Pomona,  Calif.,  from  a  subsidiary 
to  a  division. 

W'cndcll  B.  Sell  (picture)  has 
been  named  general  manager,  sup¬ 
plementing  his  duties  as  a  divisional 
vice  president  of  .XMI’’.  I'lie  Po¬ 
mona  firm  will  1k‘  known  as  the 
Associated  Missile  Products  Co. 
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'  throng  celi»o«.  So  whon  I 
leontod  of  Ih*  boom.in  niobilo-r<^o  I  dooWloci 
1o  rtort  my  ty^n  port  timo  businot*.  Now  my 
•ncomo  from  mobfIo-rcKlIo  maintancHKe  goes 
-wto  a  “cotlogo  bonk  account." 

This  con  bo  your  story,  too.  Sond  coupon 
for  your  froo  copy  of  "HOW  TO  AAAKE  AkONEV 
IN  AAOBIIE-RADIO  AAAINTENANCE."  Rublishod 
by  lompkin  Usborotorios,  Inc.,  monufocturors 
,of  tho  lOS-t  Micromotor  Froc)uOfKy  AAotor  ond 
30S-A  FM  AAodvIalion  AActor. 


widtit  ranit  of 

time-tested  stabillred 
precision  capacitors  avail-  W 
able  with  polystyrene,  poly-  ' 
ethylene,  teflon,  and  mylar 
plastic  film  dielectrics.  Designed 
for  critical  appllcatlaas.  FCi 
Capacitors  have  high  insulation 
resistance,  low  power  factor  and 
dielectric  absorption,  and  are 
available  in  a  wida  varlaty  of 
L  capacitance  values,  tolerances,  i 
k  casings  and  sires.  Writt  A 
^  for  FREE  CATALOS  show-  M 
ing  comptata  lint. 


Westinghouse  To 
Build  Plant 

A  NEW  building  with  25,000  sq  ft 
of  floor  space  will  lx;  erected  for 
the  manufacturing  and  repair  divi¬ 
sion  of  the  Westinghouse  Klectric 
Corp.  on  a  2i  acre  site  near  Utica, 
N.  Y.  Ground  has  been  broken  and 
the  new  structure  is  scheduled  for 
completion  in  October. 

Ilic  new  plant  will  replace  the 
present  Westinghouse  facilities  in 
Utica.  Thirtv-six  persons  arc  pres- 


At  no  obllgotion  to  mo  plooto  sond  "HOW 
TO  AAAKE  MONEY  IN  MOBIIE  RADIO  AAAIN- 
TENANCE." 


FILM  CAPACITORS,  INC. 

3405  PARK  AVENUE  •  NEW  YORK  M,  N.  V. 
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cntly  employed  at  tlie  Utica  shop, 
blit  Wcstinghousc  officials  expect 
that  the  working  force  will  be  ex¬ 
panded  to  50  after  the  new  plant 
is  occupied. 


Oregon  Firm 
Changes  Name 

1 HK  Research  Instrument  Corp., 
Portland,  Oregon,  has  announced 
their  company  name  change  to 
Rinco,  Inc.  I'his  follows  a  recent 
change  to  the  new  trade  name 
Rinco-Pot  for  their  line  of  po¬ 
tentiometers.  No  change  in  liKa- 
tion.  ownership  or  management  is 
involved. 


Elect  Mitchell 
Vice-President 

I  RANS-SoMcs.  Inc.,  Burlington. 
Mass.,  has  elected  Louis  O.  Mitch¬ 
ell  (picture)  as  a  vice-president  of 
the  corporation.  Mitchell,  who  has 
been  company  production  manager 
since  19-18.  is  responsible  for  the 
introduction  of  new  methods  for 
automatic  calibration  and  adjust¬ 
ment  of  precision  instruments. 


Strich  Becomes 
Chief  Engineer 

Appointment  of  RolK-rt  Strich  as 
chief  engineer  for  the  Los  .\ngclcs 
Division  of  Cannon  Klcctric  Co., 


I1UVY 


PHASE  ANGLE  VTVM 

Qhd  PHASE-SENSITIVE  NULL  INDICATOR 


DIRECT  READING 

•  Voltage 

•  Phase  Angle 

*  In-Phase 

*  Quadrature 


MODEL  202- BR 


FEATURES 

•  Direct  reading  0-360*,  no  ambiguity. 

•  1  mv  to  300v  full  scale. 

•  VTVM  operation  to  50  kc. 

•  1 0  microvolt  null  sensitivity. 

•  10  meg  input  impedance. 

•  Available  in  any  frequency  to  1 0  kc. 

•  Unaffected  by  harmonics  with  optional  filters, 

•  Low  noise. 


REPtESENTATIVfS: 


❖ 


N.  T.,  NEW  ENeLANO:  J.  P  Brogen  Assoc.  •  MET.  N.  Y.:  B  B.  Taylor  Corp. 
MID  ATLANTIC;  Fred  F.  Bartlett  Co.  •  MICH  ,  OHIO,  W  PENNA;  Dayton-Anderson 
Elect  •  KANSAS,  MO.,  IOWA,  S.  ILL.:  Oesco  Sales  •  SOUTH  EAST;  Col-lns-Co. 
WEST  COAST:  Gerald  B  Miller  •  CANADA;  Electrodesign 


NORTH  A.T3L.A.NTIC 

90S  main  $treet,  we$tbury,  n.y. 
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induMtriet,  ine. 
EDgeveod  i-IItt 


If  THIS  1$  YOUR  PROBLEM 

If  you  need  effective,  highly  readable, 
smartly  illustrated  company  literature 
(booklets,  pamphlets,  manuals)  to  dis¬ 
play  your  products,  inform  the  public  of 
your  operations,  attract  key  personnel  to 
your  plant,  train  employees,  and  perform 
any  of  the  other  communicative  functions 
that  are  vital  to  your  business  .  .  . 

THIS  IS  YOUR  A^SW[R 

The  McGraw-Hill  TECHNICAL  WRITING 
SERVICE  has  a  staff  of  more  than  150 
highly-trained  writers,  editors,  and  illus¬ 
tration  specialists  whose  job  it  is  to  create 
technical  and  general  literature  for  in¬ 
dustry.  We  write,  illustrate,  design,  and 
print  Equipment  Manuals,  Product  Bul¬ 
letins,  Handbooks,  Company  Histories, 
Annual  Reports,  and  other  specialized 
material.  Save  money  and  time.  Let  our 
staff  be  your  staff  for  Technical  and 
Business  publications. 

This  service  is  available  through  ad  agencies. 
-  Write  e  Phone  - 


nCHNICAL  WRITING  SERVICE 

McGraw-Hill  Book  Co.,  Inc. 
330  W.  42nd  St.,  N.  Y.  36,  N.  Y. 
LOngocre  4-3000 
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Addrots. 


PART  GOS^  CUT 


with  GRC 

die  cast 
tiny  parts! 


Range  timer  part 
made  by  Gries 
costs  half  as 
much  as  part 
die-cast  by 
the  customer 


Quick  deliveries 
on  quantities 
of  100.000  to 
many  millions. 

NO  MINIMUM  SIZE! 

Max.  weight;  V2  01. 
Max.  length:  134" 


Many  manufocturert  hove  learned  that  GRC  specialized  techniques 
and  facilities  have  cut  the  cost  of  tiny  components  for  their  products 
50%  and  more  compared  with  production  in  their  own  plants.  Ports 
like  the  slotted  gear  shaft  illustrated  ore  die  cost  to  precise  speci- 

IiiBi'  ficotions — trimmed,  ready  for  use— in  orre  outomotic 

~  operation.  Consult  Gries  about  cost-cutting  com. 
ponents  for  your  products. 

Send 

brochure 


GRIES  REPRODUCER  CORP.  ■■HtlllBBi 

151  Beechwood  Ave.,  New  Rochelle,  N.  Y.  •  NEw  Rochelle  3-8600 
CIRCLE  152  READERS  SERVICE  CARD 


IT  TAKES  TWO 

DISPLAY  ADVERTISING 

*  Arouses  Interest 

*  Creates  Preference 

DIRECT  MAIL 

*  Gets  Personal  Attention 

*  Triggers  Action 


After  your  prospect  hot  been  convinced  by  DISPLAY  ADVERTISING,  he  still  must  take  one 
giant  step.  He  must  act.  A  personalized  mailing  piece  direct  to  his  desk,  in  conjunction 
with  o  display  campaign,  is  o  powerful  action  getter. 

McGraw-Hill  has  o  Direct  Moil  Division  reody  to  serve  you  with  over  150  specialized  lists 
in  the  Industrial  field. 

Ta  get  your  copy  of  our  free  INDUSTRIAL  DIRECT  MAIL  CATALOGUE  (1954)  containing 
complete,  detailed  information  about  our  services,  fill  in  the  coupon  below  and  moil 
it^  McGraw-Hill. 

Do  it  nowl  The  best  odvertising  programs  ore  planned  well  in  odvonce. 


McGRAW-HILL 

DIRECT  MAIL  LIST  SERVICE 


Direct  Moil  Oivlsion, 

McCrow-HIII  Publishing  Co.,  Inc. 

330  West  42nd  St.,  N.  Y.  36,  N.  V. 

Please  forward  my  free  copy  of  the  McSrow-HIII  “Indus¬ 
trial  Direct  Moil  Catalogue." 


is  announced.  Reporting  directly  to 
vice  president  Rowen.  Stricli  will 
plan,  direct  and  control  tltc  engi¬ 
neering  of  all  products  assigned  to 
the  division.  Prior  to  this  appoint¬ 
ment  he  had  Ikcii  product  engi¬ 
neering  supervisor  at  Cannon  for 
2i  years. 


Hagan  Joins 
Microsonics 

Cii.VRi.ns  Is.  n.\c..\N  is  appointed  to 
the  engineering  staff  of  Micro- 
sonies,  Ine.,  llinghani.  Mass.  He 
will  head  a  newly  established  delay 
line  research  department.  Hagan 
was  formerly  with  Laboratory  h'or 
Islectronics,  Inc. 


Reorganize  At 
CBS  Labs 

To  siRKNCTHi-N  tlic  management 
of  CBS  Laboratories.  New  ^'ork. 
N.  Benjamin  B.  Bauer  (picture) 
has  been  appointed  vice  president. 
Me  will  be  in  charge  of  the  acous¬ 
tics  and  magnetics  department  of 
the  Laboratories.  Before  joining 
CBS  l.abs,  Bauer  was  chief  engi¬ 
neer  and  vice  president  of  Shnre 
Bros.  Inc.,  Chicago,  III. 

.\t  the  same  time  the  organiza¬ 
tion  of  the  l^abs  has  taken  on  the 
following  form.  Three  major  de¬ 
partments  base  been  created,  with 
v-p’s  in  charge: 

( J )  Department  of  Rcconnais- 
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PERFORMANCE 
into  every  coil! 

Regardless  of  type  or 
quantity,  every  coil  is 
quality  manufactured 
to  your  exact  specifi¬ 
cations. 


I 

! 


*  Encaptulotad  •  Papar  Intarlaav* 

*  Bobbin  •  Cotton  Intarweovo 

•  Form  Wound 

•  Vacuum  Imprognotod 

•  High  Tomporoturo  Application 
Alto,  Trantformort  Made  To  Ordor 


NOW  AVAIIABLEI  Now  20-paga  Done  i 
illuttratod  catalog  including  tochnicol  coil 
dotigning  data. 


THE  DANO  ELECTIIC  CO. 

MAIN  ST..  WINSTID.  CONN 


CIRCLE  TS4  READERS  SERVICE  CARD 


^  quality ... 

I  uniformity  . . . 


sauce  and  Klcctronic  Svstcins 
hc.ided  by  joscpli  Banibara. 

(2)  Department  of  .\coii.stics 
and  Magnetics  licadcd  by  Benjamin 
B.  Bauer. 

(?)  Department  of  Physics 
headed  by  John  \\'.  Christensen. 

.Ml  major  activ  ities  of  tlic  l.<ibora- 
torics  arc  carried  out  under  the 
three  departments  listed. 


News  of  Reps 

rf'&r’s  components  division  apt- 
points  the  John  G.  Twist  Co.  to 
handle  its  industrial  accounts,  in¬ 
cluding  radio-t\  manufacturers,  in 
Illinois  and  southeastern  W'iscon- 
sin. 

F.dward  .\.  Ossniann  &'  .Associates, 
manufacturer’s  reps  for  upstate 
N.  is  named  to  carrv  the  elec¬ 
tronic  instrument  line  of  Belle- 
ville-Hexem  Corp..  l.os  Gatos, 
Cahf. 

Knoblock  &•  Maine,  Inc.  has  tK*cn 
appointed  to  represent  Ultronix. 
Inc..  San  Mateo.  Calif.,  manufac¬ 
turer  of  precision  wire  resistors. 
Rep  firm  covers  Illinois,  Indiana 
and  Wisconsin. 

Jack  Cieartner  C^.,  sales  rep  or- 
gani/ation  in  Miami  Beach.  Ma.. 
h.is  established  a  branch  office  in 
Orlando.  Fla. 

General  Transistor  Corp.,  Jamaica. 
N.  Y.,  appoints  the  following  reps: 

Wclk-r-Rahe  Co.,  in  West  \'ir- 
ginia  and  western  PennsvKania. 

Harry  W.  Gcbhard  Co.,  in  the 
Chicago  and  W'isconsin  territorv. 

CMcnn  M.  Hathaway  F.Iectronics, 
Inc.,  in  the  six  New  F’ngland  states. 

Missilctronics,  Ine.  will  represent 
New  England  Diminates  Co..  Inc.. 
Stamford.  Conn.,  in  North  and 
South  Carolina,  and  northeastern 
Tennessee. 

.\ppmntment  of  the  Fascal  Co.,  as 
Sides  engineering  reps  in  the  greater 
San  Diego  areni,  is  announced  bv 
Neal  l•■eay  Co..  Santa  Barbara. 
Calif.,  makers  of  hardware  items 
for  the  aircraft  and  electronics  in¬ 
dustries. 
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NONLINEAR  CONTROL  SYSTEMS 

Junt  l‘ubliKhrd — ('lives  practical  guidance 
and  theory  essential  to  analyses,  te.sting,  and 
design  of  modern  control  systems.  Treats 
such  subjects  as  describing  function  (effec¬ 
tive  gain),  determining  respon.se,  system.s 
excited  by  random  input  signals,  applica¬ 
tion  of  switching  circuits,  etc.  fly  R.  I.. 
('nsgrUT,  The  Ohio  State  V.  3S»  pp.,  S05 
charts,  tables  and  tllas.,  $9.00. 

APPLIEO  MATHEMATICS  for 
ENGINEERS  and  PHYSICISTS 

Snd  Kdition  Just  Published — -Provides  you 
with  the  principal  mathematical  techniques 
needed  to  analyze  mathematical  problems 
that  arise  In  practice  and  to  understand 
I  important  current  technical  papers.  Care¬ 
fully  revise<l  to  include  es.sential.  up-to-date 
material.  2nd  Ed.  By  I,.  Pipes.  U.  of 
(California,  L.  A.  TS3  pp..  Ulus.,  $8.75. 

TABLE  for  the  SOLUTION 
of  CUBIC  EQUATIONS 

Just  Published — Supersedes  all  other  such 
tables  in  number  of  decimal  places,  range, 
interval.  re<iuired  labor  in  finding  all  three 
rrsits,  and  convenience  in  use.  With  this 
book  you  can  obtain  all  three  roots  of  any 
e»iuation  using  nothing  more  complicated 
than  a  desk  lalculator.  By  H.  E.  Salier 
and  ('.  II.  Klchards,  Convair  Astronautics; 
and  I.  .Vrsham.  Diamond  Ordnance  Fuze 
Lalxiratories.  176  pp.,  $7.50. 


ELECTRONIC  SEMKONOUCTORS 

Just  Published — A  useful  introduction  to 
semiconductor  physics  as  related  to  recti¬ 
fier  and  transistor  prohlem.s.  Precisely  de¬ 
fined  liaalc  concepts  lead  to  the  physics  of 
crystal  amplifiers,  imperfection  equilibria, 
and  boundary  layers  in  semiconductors.  By 
F;.  Siienke.  Translated  by  l».  Jenny.  H. 
Krnemer,  E.  (i.  Kumberg.  and  II.  Som¬ 
mer.  ItC.V  l..abs,  Princeton,  N.  J.  430  pp., 
163  illus..  $11.00. 

An  introduction  to  the  Theory  of 
RANDOM  SIGNALS  and  NOISE 

Just  Published — Takes  up  step  by  step  the 
theory  of  probability  and  statistics  essential 
to  random  signal.^  and  noises.  Discusses 
applications  in  such  areas  as  shot  noi.se  gen¬ 
erated  in  thermionic  vacuum  tubes,  .space- 
charge-limited  tubes,  noise  in  amplifiers, 
radar,  etc.  Bv  \V.  B.  Davenport,  Jr.  and 
W.  I,.  Root,  both  of  M.l.T.  393  pp.,  69 
rharts,  graphs,  and  tables,  $10.00. 


10  DAYS’  FREE  EXAMINATION 
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NEW  BOOKS 


To  achieve  two  l>asic  goals^ionger  range 
md  greater  reliability-thejfcighes  Com- 
manication  Systems  Laboratory  has  vtr- 


tuatty  ey^  known  propagation  madiuni 
:  and  techniqua  under  sttidy<r  A  complete  ^ 
spectrum  of  scienca  and  tachnoio^  isn 
^  being  deplored  in  an  aftort  to  eatand-^, 
literally  «id  fipirativeijKtha  twdtons  of 
cominunication.  In  the  laboratory,  *'i^oot- 
^ing  tor  tee  moon”  is  an  actual  etii^ive. 

^  -4  «•  W  -J 

■Rja  immediate  goal,  howevar,  is  to  sur-^ 
nxMint  tee  natural  barriers^^^ich  have 
limited  both  the  range* and  tee  dap^a- 
I  bilfte  of  radio  communication.  Firet  is  tee 
iin^f'Sight  characterjstie  of  higher  fra- 
.  quencies  which  once  ^evented  propaga-'  ; 
ipp  tion  beyond  tee  horizon.  The  second  great  ^ 
^  harrier  has  been  tee  complex  of  sunspots; 
auroras,  and  an  ionosphere  that  period!- 
cally  varies  in  altitude,  ail  of  which  cayse  Ij 
communication  blackouts  and  signal 
fluctuations. 

A  less  well-known  obstacle  is  the  multi- 
path  phenomenon-tee  tendency  of  radia-'  f 
tions  to  reflect  from  different  layers  Of 
the  ionosphere  into  two  or  more  signal  • 
paths.  This  condition,  which  under  certain 
circumstances  produces  a  confused  sig¬ 
nal,  is  being  overcome  at  Hughes  through 
the  use  of  digital  techniques.  Frequency 
is  made  a  controllable  variable. Then,  with 
a  digital  computer  to  determine  the  best 
frequencies  to  use  at  given  times,  a  com¬ 
munication  system  can  automatically  and 
continuously  select  its  most  favorable 
frequency. 

Many  openings  now  exist  in  this  area. 
Your  inquiry  is  invited.  Please  send 
resume  to  Mr.  j.  C.  Bailey  at: 


tlw  IVest’s  leader  iti  advanced  electronics 

, - 1 

HUGHES 


— I 


Scientific  and  Engineering  Sta^ 

RKSCAItCH  m  DEVKLOWMKNT 
LABORATORIC*. 

Culver  City,  CtUferma 


it 
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Analytical  Design  of 
Linear  Feedback  Controls 

Bv  C.  C.  >EWTC»!\,  L.  A.  GOLLD 
And  J.  F.  KAISER. 

fobn  XT'ilcv  6"  S()n.s,  Inc.,  .\e\v 
York.  1957.' 419  p.  SI  2.00. 

I'wo  objectives  motivated  the  au¬ 
thors  to  write  this  hook.  The*  first 
was  a  desire  on  their  part  to  make 
asailablc  the  results  of  their  re¬ 
search  on  the  analytical  design 
method,  cairicd  on  at  Mil’,  point¬ 
ing  out  in  the  priKcss  the  factors 
which  limit  the  performance  of 
linear  systems.  The  second  was  to 
make  available  to  engineers  and 
scientists  a  consolidated  and  in¬ 
tegrated  treatment  of  the  literature 
in  this  field.  Both  objcctiscs  have 
been  skillfnllv  and  succcssfiilly 
realized. 

Definition— .Analytical  design  re¬ 
fers  to  "the  design  of  control  sys¬ 
tems  by  the  methods  of  m.ithc- 
matical  analysis  to  idealized  models 
which  represent  physical  equip¬ 
ment."  It  is  a  design  method  which 
deliberately  sets  out  to  offset  the 
disadsantages  associated  with  the 
trial-and-error  method  of  compen¬ 
sating  feedback  control  systems. 
Users  of  the  latter  prricednrc  are 
aware  of  the  inability  of  this 
method  to  recognize  an  inconsis¬ 
tent  set  of  specifications.  Morc- 
o\cr,  the  resulting  design  does  not 
gciicrallv  yield  a  minimum  band¬ 
width  control  system.  Both  ^hort- 
comings  arc  eliminated  bv  the  ana- 
Ivtieal  design  metliod.  hut  not 
without  sacrificing  simplicity 

In  the  theory  of  analvtical  de¬ 
sign.  the  starting  point  is  the  speci¬ 
fications.  T  hese  iiichide  a  dc'-crip- 
tion  of  input  signal,  desired 
resjxmsc,  distiirbaiiccs,  the  per¬ 
formance  index  to  be  nsctl,  the 
fixed  elements  and  the  degree  of 
freedom  allowed  in  the  compensa¬ 
tion.  T  he  objective  is  to  minimize 
the  jxrformaiicc  index.  In  fact,  it 
is  the  evaluation  of  the  perform¬ 
ance  index  which  reveals  whether 
the  specifications  imposed  on  the 
system  can  or  cannot  be  met 

Performance  Indiccs-T  lie  hook 
confines  its  attention  to  the  ana¬ 
lytical  design  procedure  for  two 
types  of  jKrformancc  indices.  One 


is  the  integral-square  error  criterion 
whicli  is  used  for  tliose  systems  snh- 
jected  to  transient  input  sigivils. 
T  his  subject  matter  is  thoroughly 
dealt  with  in  Chapter  2. 

T’lic  second  performance  index 
is  the  mean-square  error  which  is 
more  approxim.;tc  for  systems 
where  the  input  signal  contims 
noise.  In  Chapter  s  the  maimer 
of  liaiulliiig  such  signals  is  treated 
in  terms  of  antiKorrelation  and 
cross-correlation  fimctions,  while  in 
Chapter  4  tlic  analvtical  design 
theorv  is  applied  to  a  tspical  sys¬ 
tem  with  fixed  configuration  and  a 
noisc-contaiiiing  input  signal  To 
make  the  answer',  practical,  how¬ 
ever,  r«|iiircs  reevaluating  the 
design  in  terms  of  realistically  im¬ 
posed  constraints  ^ncll  as  satura¬ 
tion.  TTiis  tiM)  is  dcsCrilK'el  in  Chap¬ 
ter  4  and  also  in  Chapter  7. 

Ill  Chapter  s  the  variational  ap¬ 
proach  for  minimizing  the  mcaii- 
sqiiarc  error  in  a  ^\^tcm  having  a 
free  configuration  i>  discussed;  this 
is  extended  to  a  s\>tem  which  is 
stmifrcc  in  coiifignratioii  m  Chap¬ 
ter  6. 

Chapter  S  deaK  with  the  design 
of  a  minimum  bandwidth  control 
system  using  tlie  miniimim  mean- 
srpiarc  error  ,is  a  dc^igll  criterion. 

T  he  design  of  a  servomechanism 
to  drisc  a  large  radio  telescope'  is 
fiillv  explored  in  Chapter  9  to  illns- 
fiate  the  use  of  the  analvtical  de¬ 
sign  procedure  in  solving  a  practi¬ 
cal  problem  and  to  point  out  how 
tins  method  riiav  be  used  to  com¬ 
plement  the  trial-aiid-error  ap¬ 
proach  . 

liCvcl- The  hook  is  written  at 
an  ;idvanccd  level,  and  prcsi’p- 
piscs  a  considerable  amount  of 
mathematical  background.  Use  is 
made  of  such  mathematical  tools 
as  the  convolution  integral,  the 
honricr  transforms  of  antocorn  la- 
tioii  and  cross-correlation  functions, 
the  c.ilciihis  of  variations  and  I.a- 
grangian  miiltiphcr>  to  mention  a 
few.  However,  this  material  is  con- 
cisclv  and  clearly  presented. 

A  rather  complete  appendix  is 
inehided  and  in  addition  to  a  re¬ 
view  of  l■'onricr  and  I-iplacc  traiis- 
from  theory’,  there  appears  a  sum¬ 
mary  of  the  trial-and-error  method 
of  design. 

TTic  book  makes  a  strong  ease 
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for  the  analytical  design  ihcorv  as 
a  practical  design  tool,  but  it  also 
recognizes  its  limitations.  First  of 
all,  the  incth(xl  suffers  from  a  re¬ 
stricted  number  (two)  of  |x.rform- 
ance  indices  which  permit  anaivtieal 
solution  of  a  design  problem.  Sec 
ondly,  the  labor  and  time  involved 
in  arriving  at  a  solution  and  the 
mathematical  sophistication  re¬ 
quired  is  indeed  much  greater  .\c- 
cordingly,  the  real  contribution  of 
the  analytical  design  thcors-  in 
practical  problems  lies  in  its  abil- 
its'  to  scr\c  as  a  guide  in  earning 
out  the  trial-and-error  design  pro¬ 
cedure. — V'iNCF.NT  Du  ioro  Flec- 
fricai  Engineering  Dept.,  7  he  Cifv 
College  of  Sew  York,  S.  Y.,  .V.  Y. 
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Industrial  Electronics 
Handbook 

By  Ii.  KRKT/,M\N> 

Philosopbieal  /^ibran’,  .Vcw  ^’orlr, 
19 V.  29S  p.  SI  2.00. 

Industrial  Electronics 
Circuits 

By  It.  KRETZMA» 

P/ii/osoplncal  l.ihran.  Sew  York, 
19s7.  19s  p.  SIO.OO. 

niese  two  volumes  should  In- 
considered  a  single  work,  the 
“Circuits”  Innik  being  written  as  a 
supplement  to  the  "I  landlxMik”. 
'Fogether,  they  comprise  a  concise, 
yet  disersified  collection  of  prac¬ 
tical  electronics  circuits  for  indus¬ 
trial  applications. 

Ilic  IxKiks  are  aimed  at  industrial 
engineers  invohed  in  manufactur¬ 
ing  problems,  who  desire  to  Ixcome 
acquainted  with  electronic  controls 
and  their  applications.  .Mthongh 
there  are  no  detailed  design  meth 
ods  presented  here,  an  excellent 
picture  of  the  general  approach  to 
production  problems  through  elec¬ 
tronics  can  be  derived. 

Handlxxik— F'he  first  p.irt  of  the 
“IlandlxKik”,  comprising  almost  a 
third  of  the  book,  is  devoted  to  the 
fundamentals  of  industrial  vacuum 
tulx-s  and  their  basic  circuits.  .\1- 
though  necessarilv  superficial,  it  is 
well  written  and  covers  such  sjxcial- 
|nirjx)sc  tulx's  as  thvratrons.  sendi- 
trons.  ignitrons  and  excitrons, 
photocells  and  c-r  tulns.  This 


NEW  1E1-BANDPASS  FILTER 


The  new  Bulova  lEl  Bandpass  Filters  give 
today’s  radar  microscopic  eyes.  Shaving  the 
broad  frequency  range  of  returning  signals 
into  tiny  segments,  they  help  reconstruct  sig¬ 
nals  faithfully  for  maximum  information,  for 
accurate  measurement  of  Doppler  effect... 
all  at  greatly  reduced  noise  levels. 

With  characteristic  Bulova  precision,  band- 
widths  and  insertion  losses  are  closely  con¬ 
trolled,  so  that  many  filters  may  be  paralleled 
to  cover  an  almost  unlimited  frequency 
spectrum. 

Now  in  production  for  virtually  all  leading 
manufacturers  in  the  radar  field  are  filter 
packages  of  200  cps  bandwidth  with  cross¬ 
overs  at  the  1/2  db.  point,  and  with  insertion 
losses  equal  to  within  0.3  db.  from  filter  to 
filter. 


Typical  specification  of  a  single  filter  in  10  K.C.  spectrum: 
Center  frequency:  144.400  KC 
Lower  1/2  db.  point:  144  330  KC 
Upper  1/2  db.  point:  144  470  KC 
Lower  3  db.  point:  144.300  KC 
Upper  3  db  point:  144.500  KC 
40  db.  bandwidth:  less  than  2  KC 
Insertion  loss:  less  than  1  db. 

Ripple  in  pass  band:  less  than  1/2  db 
Frequency  variation  of  pass  band:  less  than  10  cps 
over  tamparatura  range  of  0°C.  to  -i-70*C. 

Sin:  2-9/32*W  x  2*D  x  1-3/8'H 
Weight:  less  than  7  02. 


Write  today  for  full  information  on  Bulova’s 
standard  and  custom  desig^n  filters. 


B  WATCH  COMPANY 

ULOViV 

FAMED  FOR  PRECISION  SINCE  1875 
ELECTRONICS  DIVISION  •  WOODSIDE  77  •  NEW  YORK 
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the  specs  are  the  proof . . . 
the  BEST  BUYS  are 

for  COLOR  &  Monochrome  TV  servicine 


com 

and  Monochrome 
dc  to  5  me  lab  t  tv 
5"  OSCILLOSCOPE 
£460 

ESV’  >129” 


-  •- 

•  Features  DC  Amplifiers! 

Flat  from  OC-4.5  me,  usable  to  10  me. 
VERT.  AMPL.:  sens.  25  rms  mv/in;  input  Z  3 
megs;  direet-eoupled  &  push-pull  ttiroMt; 
K-follower  coupling  bet.  stages;  4-$tep 
freq-compensated  attenuator  up  to  1000:1. 
SWEEP:  perfectly  linear  10  cps-100  kc  (eit. 
cap.  for  range  to  1  cps);  pre-set  TV  V  t  H 
positions  (30  &  7875  cps);  auto.  sync.  ampl. 
&  lim.  PIUS:  direct  or  cap.  coupling;  bal. 
or  unbal.  inputs;  edge-lit  engraved  lucite 
graph  screen;  dimmer;  filter;  beret  fits  std 
photo  equipt.  High  intensity  trace  CRT. 
0.06  usee  rise  time.  Push-pull  hor.  ampl., 
flat  to  400  kc,  sens.  0.6  rms  mv/in.  Built- 
in  volt,  calib.  Z-axis  mod.  Sawtooth  & 
cps  outputs.  Astig.  control.  Retrace 
ing.  Phasing  control. 


blank 


Entirely  electronic  sweep  circuit  (no 
mechanical  devices)  with  accurately-biased 
increductor  for  excellent  linearity. 
Extremely  flat  RF  output;  new  ACC  circuit 
automatically  adjusts  osc.  for  max  output 
on  each  band  with  min.  ampl.  variations. 
Exceptional  tuning  accuracy:  edge-lit  hair¬ 
lines,  6:1  vernier.  Swept  Osc.  Range  3-216 
me  in  5  fund,  bands.  Variable  Marker  Range 
2-75  me  in  3  fund,  bands;  60-225  me  on 
harmonic  band.  4.S  me  Xtal  Marker  Osc., 
xtal  supplied.  Ext.  Marker  provision.  Sweep 
Width  0-3  me  lowest  max.  deviation  to  0-30 
me  highest  max.  dev.  2-way  blanking.  Nar¬ 
row  range  phasing.  Attenuators-.  Marker 
S'ze,  RF  Fine,  RF  Coarse  (4-step  decade). 
Cables:  output,  'scope  horiz.,  'scope 
vertical. 


COMPLETE  with  steel  cover  and  handle. 

SPEED,  ease,  unexcelled  accurKy  &  thor¬ 
oughness.  Tests  all  receiving  tubes  (& 
Color  &  Monochrome  pic  tubes  with  adap¬ 
ter).  Cempesite  indication  of  Gm.,  Gp  & 
peak  emission.  Simultaneous  sol  of  any  1 
of  4  combinations  of  3  plate  voltages,  3 
screen  voltages,  3  ranges  of  continuously 
variable  grid  voltage  (with  5%  accurate 
pot).  New  series-string  voltMos;  for  600, 
450,  300  ma  types.  Sensitive  200  ua 
meter.  5  ranges  meter  sensitivity  (1% 
shunts  &  5%  pot).  10  Six-position  lover 
switches:  free-point  connection  of  each 
tube  pin.  10  pushbuttons:  rapid  Insert  of 
any  tube  element  in  leakage  test  circuit 
&  speedy  sel.  of  Individual  sections  of 
multi-section  tubes  in  merit  tests.  Direct- 
reading  of  inter-element  leakage  in  ohms. 
New  gear-driven  rollchart.  Checks  n-p-n  fc 
p-n-p  transistors:  separate  meter  readings 
of  collector  leakage  current  fc  Bata  using 
internal  dc  power  supply. 


Bica 


Mckar 


WML 
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cliaptcr  should  be  valuable  to  the 
engineer  with  only  fundamental 
training  in  electronics.  The  remain¬ 
der  of  the  Aohnne  and  all  of 
"Circuits”  consist  of  practical  and 
useful  industrial  circuits,  accompa¬ 
nied  bv  explanations  of  their  op¬ 
erating  principles.  Such  topics  as 
counting  circuits,  timers,  industrial 
rectifiers,  lamp  dimmers,  speed  and 
temperature  control,  welding  con¬ 
trol,  motor  control  and  inductive 
and  capacitive  heating  are  well 
represented.  F.xamples  of  special¬ 
ized  control  devices  such  as  turbid- 
itv  indicators,  smoke  detectors, 
tulx.‘-filling  machines,  metal  detec¬ 
tors,  paper-processing  machine  con¬ 
trols  and  the  like  arc  given. 

Onlv  the  simpler  circuit  diagrams 
are  accompanied  bv  component 
values,  but  the  books  arc  profusely 
illustrated  with  photograplis  of  ex'- 
am  pics  of  construction  of  the 
equipment.  I  hcre  is  also  a  bibliog- 
raphv  which  is  culled  primarily 
from  I'.uropean  sources. 

I'hesc  books  are  well  put  to¬ 
gether,  but  unfortunately,  the  price 
tag  will  most  likely  restrict  their 
popularity.  — S.W. 


THUMBNAIL  REVIEWS 

Nuclear  F.nginecring.  Edited  by 
Charles  F.  Bonilla,  .McGraw-Hill 
Book  Co.,  Inc.,  New  York,  19  >7, 
S50  p,  SI  2.50.  Reference  work  on 
basic  cngiiK-ering  principles  in¬ 
volved  in  the  design  of  nuclear  core 
reactors  and  power  plants.  Includes 
many  topics  not  treated  in  prev  ions 
books. 

Dry-Battery  Receivers  with  Miniature 
valves.  By  F.  Rixlcnhuis,  Philips’ 
Technical  Library,  Eindhoven,  Hol¬ 
land,  1957,  240  p.  S4.95.  General 
design  theory  and  specific  tube 
characteristics  are  covered  along 
with  design  of  eight  typical  re¬ 
ceivers  including  a-m/f-m  models 
and  receivers  with  push-pull  out¬ 
put.  Magic-eye  tuning  indicators 
for  battery-operated  sets  arc  de¬ 
scribed. 

ASTM  Standards  on  Electrical  Insulat¬ 
ing  Materials,  .\mcrican  Society  for 
Testing  .Materials,  1916  Race  St., 
Philadelphia,  Pa.,  1957,  692  p. 
S6.00  (paper).  Compilation  of 
.\S'T.M  test  prcKcdures  and  speci¬ 
fications  for  electrical  insulation  for 
use  of  manufacturers  and  those 
concerned  with  use  and  distribution 
of  electrical  power. 


McGRAW-HILL 
TECHNICAL  WRITING 
SERVICE 

TWS  offers  you  a  single 
INTEGRATED  publishing 
service  prepored  to  under* 
take  a  project  from  research 
end  plonning  through  fin* 
ished  manuscript  and  art, 
typesetting,  mechanical 
preparation,  printing  and 
binding.  Whatever  the  situ* 
ation,  whatever  the  type  of 
literature  you  need,  our  edi* 
torial  and  art  consultants  can 
help  you,  bringing  to  your 
most  specialized  job  the 
craft  and  skill  of  publishing 
experts. 

WRITING  EDITING 
ILLUSTRATING 
PRINTING 

TO  YOUR  OWN  OR 
GOVERNMENT  SPECIFICATIONS 

Whether  you  need  an  in* 
struction  book  or  service 
manual,  to  accompany  your 
equipment,  written  to  gov* 
ernment'  specifications  .  .  . 

...  or  product  catalogues 
or  training  booklets  ...  or 
onnual  reports  ...  or  com* 
pony  histories  .  .  .  our  writ* 
ing  stoff  con  do  the  job  for 
you,  our  artists  can  create 
and  execute  the  illustra* 
tions.  And  McGraw-Hill 
printing,  binding,  and  poper 
resources  are  among  the 
best  in  the  country. 

SAVE  MONEY  AND  TIME 

LET  OUR  STAFF  BE 
YOUR  STAFF  FOR 
TECHNICALandBUSINESSi 
PUBLICATIONS 

ASK 

OUR  REPRESENTATIVE 
TO  CALL 


Write  •  Phone 

I  Technical  Writing  Service  I 
I  McGraw-Hill  Book  Co.,  Inc.  I 

I  330  W.  42nd  St..  N.  Y.  36,  N.  Y.  I 
1  LOngacre  4-3000  I 

I _ I 


168 


June  6,  1958  —  ELECTRONICS  engineering  edition 


ENGINEER  OPPORTUNITIES  AT  RAYTHEON 


COMMENT 


Miivirnnincntal  Testing 

We  consider  this  (Special  Re¬ 
port  on  Fnvironniental  Testing, 
Mar.  2S,  p  s9)  to  Ire  an  excellent 
sinnrnars  with  regard  to  electronic 
components.  Kvidcntly  this  opin¬ 
ion  is  shared  by  others,  as  c\  idenced 
bv  the  bulletin  from  Ray  H.  Mat- 
tinglev.  cxlitor  of  Fnv/ronmcntal 
Quarterly  .  .  . 

Paoi,  R.  Dknms 
Bsnn.i.F.  .Mf.mori.m.  Instititf 
Cor  t’MBT'S.  O. 


Colleague  Mattinglev’s  April  -4 
bulletin  Ix'gan  “I  recomnieiid  that 
you  see  and  read  the  Uvpage  rc- 
|>ort  .  .  ,”  We  arc  l^asking  in  the 
pleasant  environment  created  by 
associate  editor  Tomaino’s  testing 
article.  Other  readers  comment: 

^’ou  arc  to  be  complimented  on 
the  detailed  information  ami  timeli¬ 
ness  of  your  article.  Your  rc.adcTS, 

I  am  sure,  will  look  forward  to 
future  material  on  the  same  sub¬ 
ject  .  .  . 

M.  J.  Ci'Riis 
U.  S.  Navai.  Ordnanxf  Tfsi  Si  a. 
China  Lakf.  Caiif. 

.  .  .  lliis  excellent  scries  .  .  .  will 
be  of  great  assistance  to  us  in  our 
svork  .  .  . 

Frfd  Wfsi 

Cominfmai.  .\viation  &  Fngi- 
NFFRiNC,  Corf. 

Oftroit,  Mich. 

.  .  .  excellent  report  .  .  . 

\\'.  Gfvarii  r 

I.OCKIIFFI)  .XiRCRAFT  CoRP. 
Sl’NNYDAI.F,  CaI.IF. 


I'krt 

N'cry  pc'culiar  circuit  in  Fig.  1  of 
“Radio  Waves  Power  Transistor 
Circuits”  (May  9,  p  6^).  Tran¬ 
sistor  doesn’t  look  as  though  't 
could  work  as  it  is. 

Seems  as  if  it  should  connect  to 
the  emitter  of  Qj.  Should  it? 

\\'.  R.  Mim.fr 

Cl.FVF.FAND,  O. 

It  should.  I'hc  dot  dropped  in 
the  drawing,  dash  it.  Same  dav 


RAYTHEON  MISSILE  CONTRACTS  now  cover  complete  systems 
responsibility  for  both  air-to-air  and  surface-to-air  missiles. 


These  advanced  missile  profects 
call  for  exceptional  creativity 

The  need  for  engineering  resourcefulness  and  creativity 
grows  continually  as  Raytheon  missile  activities  expand 
into  new  areas. 

As  an  experienced  engineer  with  a  keen  interest  in  working 
on  advanced  missile  projects,  you  can  begin  building  a 
rewarding  future  at  Raytheon  today. 

There  may  well  be  an  opportunity  in  one  of  the  following 
areas  that  is  right  for  you: 


SYSTEMS 

PACKAGING 

MICROWAVE 

RADAR 


APPLICATIONS 
CIRCUIT  DESIGN 
RELIABILITY 
SPECIFICATIONS 


For  interview  at  our  suburban  laboratory  in  Bedford,  Mass., 
write,  wire  or  telephone  collect:  CRestview  4-7100.  Ask  for 
R.  W.  McCarthy. 


RAYTHEON  MANUFACTURING  COMPANY 

B«<lfor<f,  MaasachuNRllR 


A/f/SS/i.£-  SYSTEMS 
DfVfS/OAi 


Bxcellence  in  Electronics 
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WE  ARE  SPECIALLY  ORGANIZED 
TO  HANDLE  DIRECT  ORDERS  OR 
ENQUIRIES  FROM  OVERSEAS 
SPOT  DELIVERIES  FOR  U.S. 

BILLED  IN  DOLLARS - 
SEHLEMENT  BY  YOUR  CHECK 
CABLE  OR  AIRNUIL  TODAY 
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NEW 


MX  and  SM  SUBMIMIATURE  CORRECTORS 
Constant  50n  65n-70n  impedances 


TRANSRAOlO  LTD.  138a  Cromwell  Rd.  London  SW7  EN6UND  tout:  nttutt. 
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NEW 


BIWAX 

CORPORATION 


3446  Howard  Street 


MOLDED  CORONA  BARRIER 

insures  minimum  and  uniform  loss 


Precision  molding  provides  the  proper  thick¬ 
ness  of  deposit  each  and  every  time  on  the  trons- 
former  winding.  Resulting  uniformity  assures  mini¬ 
mum  and  uniform  corono  loss.  Ideal  for  high 
voltoge  flybock  transformers. 

Process  is  opplicoble  to  many  other  compounds 
for  applications  where  uniformity  is  required  for 
variable  thickness  of  deposit.  Can  be  set  up  in 
‘your  plant  or  handled  by  Biwax.  Write  for 
details. 

Send  for  Biwax  brochure  which  shows  complete 
lint  of  compounds  vlfith  specificotions. 


Skokie,  Illinois 


Phone:  AMbossador  2-3339 
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DE  MORNAY-BONARDI 


first  in 
ultramicrowave 
equipment 


A  complete  line  of  research  instruments 
covering  frequencies  up  to  90,000  me . . . 
proved  in  laboratories  the  country  over. 


OE  MORNAV-eONARDI  •  780  SOUTH  ARROVO  PARKWAY  .  PASADENA.  CALIFORNIA 


reader  Miller’s  note  arrived,  we  got 
a  call  from  author  L.  R.  Crump  to 
the  same  cflFcct. 


Rugs  ill  Drawing 

I  would  like  to  point  out  the 
following  errors  in  the  figures  in 
my  article  entitled  “Magnetic  In¬ 
verter  Uses  Tubes  or  Transistors” 
(Mar.  H.  p  1>8). 

Tlic  polarih’  of  the  batters-  desig¬ 
nated  Ex  in  Tig.  1  is  incorrect.  Tlic 
|>olarits  of  V,,  in  Tig.  6  is  incor¬ 
rect.  .\nd  in  the  caption  for  I’ig.  s, 
“50  sec.”  should  read  “50  /xscc.” 

C.  11.  R.  C.SMPI.INO 
L)i'f  rNS  University 
Kingston,  Ontario 


Microsco|x' 

The  short  article  entitled  “So¬ 
viets  Describe  Huge  Microscope” 
(.\pr.  25.  p  IS)  implies  that  the 
Russians  recently  desclopcrl  the 
field-emission  microscope. 

I  think  that  in  fairness  to  scien¬ 
tists  of  other  nationalities  working 
in  that  field  yon  should  point  out 
that  the  device  is  more  than  twent)' 
years  old,  and  much  of  its  develop¬ 
ment  was  non-Russian. 

Loins  E.  Tay,  III 

Bl  NDIX  .\viATION 

Detroit,  Mich. 


Splitting  Up  \.\C.\ 

Your  Military-  Business  column 
“Industrv  to  Get  Space  W’ork” 
(Mav  16.  p  56)  suggests  that  the 
Xational  Advisory-  Committee  on 
.\c-ronautics  will  become  the  b.isis 
of  a  National  Aeronautics  and 
Space  .-\gency.  Tlic  Space  and 
Technology-  .-Set  of  195S  (S.  5126, 
now  before  the  Senate  Committee 
on  Government  Operations)  yvonkl 
make  N.\C.\  part  of  an  executive 
IX-partmcnt  of  Science  and  Tech¬ 
nology.  W  hich  is  the  fact!* 

E.  V.  McIntyre 
N'K.yv  York,  N.  Y. 

S.  5126  if  passed  will  take  pri¬ 
ority  over  President  Eisenhower’s 
suggestion  that  NAS.A  be  foniied 
with  NACA  as  a  nucleus,  .\ctiially, 
NASA  may  wind  up  a  bureau  in 
the  IX-partmcnt  of  S  &'  T  if  that 
department  is  ever  set  up. 


K 


170 


CIRCLE  166  READERS  SERVICE  CARD 


June  6,  1958  —  ELECTRONICS  engineering  edition 
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1 

Professional 

Services 

1 

1 

AMERICAN  GEOPHYSICAL  & 
INSTRUMENT  CO. 

OllTfr  W  itAhorne 

Design  &  Development  Of  Electeicat 
Instruments 

Htp^iting  411  Tgpts  a/  BUeironir  Equipment 

17X3  Market  Htreet  (iardana,  t'altf 

liAiW.l  7:Uli  DAtU  4  4N.^H 

1 

I 

1 

1 

CROSBY  LABORATORIES.  INC. 

Murray  C.  Crosby  6  Staff 

Radio  EJectrcifuca 

Reaearch  Dmelopairnt  A  .Maoufacturtof 
t'ommunicatiooa.  KM  A  TV 

Robbliu  Ladc.  Hickavllle.  N.  T. 

Wnu  1-3191 

ELECTRONIC  RESEARCH 
ASSOCIATES,  INC. 

TR.^NHISTORIZK  '  YOl'R  PHODt’PT! 

Cooiplete  Hervtra  in  rotuuHlna.  reveareh.  devalop- 
aiant.  and  produrtloo  on  TraniUtor  etrruiiry. 
prodortf  and  InitnimentatloB 

67  Factory  Place  f'edar  Omuve.  N.  J 

renter  9  3000 

ERCO  RADIO 
LABORATORIES,  INC. 

Radio  CommurtKations  Equipment 

K«(lBr.r1n(  ■  -  Davrinpiiimt  -  PToduettoo 

thir  X7tb  Year  In  Air  to  Orouod 
('oaunuoicatlon  aod  Radio  Raacooa 

Garden  City  •  lalaod  a  Sum  York 

MEASUREMENTS  CORPORATION 

Research  &  Alanufaclursitg  Engineers 

Harrv  W.  Iloucu 

Rpev'iallat  In  the  l>e»lgn  aod 

Dmektpment  of  Klectmoic  T*-fvt  loxtnimeota 
B*)nntf«i.  New  Jeraey 

ALBERT  PREISMAN 

Consulting  Engineer 

Telerluloo.  I*ulae  Tectmltiuea,  Video 

Anipliflera.  Parmt  technical  conaultation. 

616  Ht  Andrewa  Idaor.  Bilver  Rprlna.  Maryland 

YARDNEY  LABORATORIES.  Inc. 

Research-Design-Detelopment 

KlectrD-rhamiral  Generatori  of  F^nerty 

49  46  l..e<inard  Htreet  Worth  6-3196 

New  York  13,  N.  >  . 

CONSULT 

THESE  SPECIALISTS: 

Let  them  save  your  time  by 
brinfting  their  broad  experi¬ 
ence  in  their  specialty  to 
bear  on  your  proolems. 

'~NATiOMAV^ 
VCOVERAGE  ) 


EMPLOYMENT  OPPORTUNITIES 

Til**  m  thU  inrlud**  all  «iiploym«'ni  opportunitlp!*--e***ou 

tlvr.  nianaaftiirnt.  tw’hnical.  Ftt*Ulnx.  oflloi*,  sklUc^.  niaDua),  etc. 

Potitiant  Vacant  Civil  Sarvica  Oaaartunitiac  Emaloymaat  Afcnclat 

Patitians  Wanted  SalMnf  Oaaartunitiee  Wanted  Ctnalayinent  Sarvicet 

Part  Time  Work  Sellinf  Otaorlunitiae  Offered  Labor  Buroaue 


DISPLAYED  - RATES -  UNDISPLAYED 


Thr  adiertiHing  rale  U  67  per  inch  for  all  adter- 
ti«inc  appearing  on  other  than  a  contract  bani^. 
t'ifntract  ratea  (iU4»te<l  on  reijumt. 

An  advartitinf  inch  la  tikeaMire*!  vertically  on  a 
('«>luniD  ’.i  cv>lumn<e  .'iO  in<*he*t  to  a  page. 

Kiihfert  to  Aaency  rofniiilHftion. 

Send  NEW  AOS  or  Inaairiee  to  Cla»»iffad  Adv.  Oiv. 


$2.46  par  lino,  minimuni  3  linat.  To  ffaure  advance 
payment  eoant  5  averape  words  at  a  line. 

Box  Numbara  -cr^unit  an  1  line. 

Ditcoant  of  t0*«  If  ftill  payment  in  made  in  advance 
tor  4  conManitlte  ineertlumi. 

Not  <iubject  to  Apency  ('ommiaslocu 
of  ELECTRONICS.  P.  0.  Box  12  N.  Y.  36,  N  Y 


neERS 


ilfom 


SYSTEMS: 

Group  Leaders  and  Senior  Electronic  Engineers  required  ^^i(h  minimum 
five  years  experience.  Need  men  capable  of  establishing  requirements  for, 
and  supervising  the  development  of,  major  and  sub  electrical  and  electronic 
systems — including  check  out  equipment — for  missiles  and  airplanes. 
Elight  Control  .Systems  Communications  Systems  Radar  Systems 
Infra-red  Systems  Guidance  Systems  Navigational  Systems 

CIRCUIT  A  PRODUCT  DESIGN: 

Senior  and  Junior  Electronic  Engineers  needed  for  assignments  in  the 
design  and  development  of: 

Antennas  Beacons  .Airborne  Radar 

Electronic  Packaging  Airborne  Digital  Computers  Auto-pilots 

\1Ksile  &  Airplane  Ch^k  Out  Equipment 

Supervisory  positions  available  in  many  of  the  above  fields. 

Associate  yourself  with  a  team  of  champions — developers  of  the  world's 
fastest  operational  jet  fighter,  the  F-IOI  Voodoo. 

•  #  •  is  the  time  to  join  (he  expanding  Electronic  section  of  either  our  Airplane 
or  Missile  Engineering  Divisions.  Write  today,  sending  complete  resume 
of  education  and  experience  to: 

Raymond  f.  Kolatto 
Tachntcol  Plotamanf  Suporvivor 
P.  O.  Box  916.  St.  lowU  3,  Mo. 

(lOCAUO  IN  SUIUIIAN  ST.  LOUIS) 


ELECTRONIC 

Tha  Phyaica  Dapartmant  at  Princaton  UniTaraity  haa  an 
opaninq  for  an  Elactronic  Enqinaar  with  conaidarabla 
axparianca  in  baaic  daaiqn  and  a  knowladqa  of  pulaa 
circuitry,  riaa  tima.  faad  back  ayatama.  mamory  unita 

SHOP 

fillar.  s«rTo  and  analoqu*  computer  theory.  Position 
otters  challenge  and  opportunity  to  contribute  to  vital 
basic  research. 

DIRECTOR 

Salary  will  be  competitive  with  industry.  Degree  advis¬ 
able,  but  not  essential.  Live  and  work  in  an  ocademic 
atmosphere  with  university  benelits. 

Send 

resume  fo  Samuel  C.  Howell 

PRINCETON  UNIVERSITY 

124  Pyne  Administration  Bldg.  Princeton,  New  Jersey 

EDUCATIONAL  OPPORTUNITY 

R.M«reli  lellowthin  Broad  Miontifle  traininf 
•soocially  for  onflnoon.  $3000  annual  itipand. 
M  S.  and  Ph.O  d.«raa<  frantad. 

APPLIED  SCIENCE, 

UNIVERSITY  OF  CINCINNATI, 
CINCINNATI  21,  OHIO. 


ENGINEERS 

If  you  bove  lookinf  for  an  Emplovmeni  Arpiict 
that  U  skilled  in  the  STATE  OF  THE  ART  of 
Technical  Recruitment  and  RELIABILITY  OF  IN. 
FORMATION  conoemlnc  insltiOBia  why  not  com¬ 
municate  with  U.4  at  once 

ALL  POSITIONS  KKE  PAID. 
FIDELITY  PERSONNEL  SERVICE 
1211  ChMtnut  St.  Ptiila.  7.  Pa. 

yReciallaf  in  AtittUm,  BWfronin  and  .Vacieowict 
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EMPLOYMENT  OPPORTUNITIES 


GENERAL  ELECTRIC  OFFERS 
EXCEPTIONAL  OPPORTUNITY 
TO  THE  COMPUTER  ENGINEER 
WHO  CAN  MEET  THESE 
REQUIREMENTS: 

...an  engineer  qualified  by  his  versatility  and  experience 
to  act  as  multi-project  advisor  in  the  Ordnance  Section  of 
General  Electric’s  Missile  &  Ordnance  Systems  Depart¬ 
ment.  A  specialist  able  to  determine  digital  control  require¬ 
ments  and  specify  basic  digital  systems  desigrn  for  digital 
computers. 

This  man  will  play  a  key  role  working  with  development 
groups  to  design  computer  subsystems  for  inertial  guid¬ 
ance  and  control  elements  of  TOP  PRIORITY  WEAPON 
SYSTEMS.  To  carry  these  responsibilities  he  must  have 
at  least  10  years’  experience  in  electronics,  plus  demon¬ 
strated  knowledge  of  military  computer  applications. 

Ability  to  ride  herd  on  development  until  schematics  are 
translated  into  functioning  hardware  is  essential  to  this 
position. 

Specific  requirement*:  BS  (EE  or  Physics)  plus  design  & 
development  experience  in  pulse  and  digital  circuits,  com¬ 
puter  logic  and  memory,  transistor  circuits,  military  com¬ 
puter  applications,  systems  philosophy. 

Ordnance  Section  is  based  in  Pittsfield,  \]ass.,  heart 
of  the  Berkshire  summer  and  winter  recreation  country. 


Send  resume  in  confidence  to: 

Mr.  W.  S.  Fielding,  Ordnance  Section,  Div.  27-WV 

Missile  &  Ordnance  Systems  Dept. 


GENERAL 


ELECTRIC 


Pittsfield,  Mass. 


P 

H 

0 

PHOENIX 

N 

I 

X 

At  the  cross  roads  of 
opportunity  for  men 
in  Electronics 

GOODYEAR 

AIRCRAFT 

CORPORATION 

ELECTRONIC  LABORATORY 

Arizona  Division 
Litchfield  Pork,  Arizona 

A  Subsidiary  of  the 

GOODYEAR  TIRE  &  RUBBER  CO 

ENGINEERS 

IMMEDIATE  OPENINGS 
ELECTRONIC  PACKAGING 
RELIABILITY 
CIRCUITRY 
TEST  EQUIPMENT 
ELECTROMECHANICAL 
COOLING  SPECIALIST 

Leisure  Living  At  Its  Best 
"In  the  Valley  of  the  Sun" 

Modern  Inexpensive  Housing 

S«nd  to:  A.  E.  Mooning 

Engineering  and  Scientific  Personnel 

GOODYEAR  AIRCRAFT 

LITCHFIELD  PARK 
PHOENIX,  ARIZONA 

Similar  opportunities  available  in 
our 

Akron,  Ohio  Laboratory 
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a  idtai  Rapgblic.  provided  carefully  for  the  defense  of  the  state.  He 
e.  Over  2«000  years  ago.  of  the  deterrent  value  of  military  preparedi 

was  keenly 

less. 

i 

ANTI-MISSILE  MISSILE  SYSTEM 

—  4  years  ago  considered  the  “impossible  project”— 

NOW  IN  PROGRESSIVE  STATE  OF  DEVELOPMENT  AT  SYLVANIA 

Since  the  initiation  of  the  project  in  ’53,  Sylvania  has  been  Weapons  System  Manager 
for  PLATO. 

To  bring  this  pioneering  AMM  project  to  its  present  stage,  completely  new  ap¬ 
proaches  in  many  advanced  areas  had  to  be  conceived  by  Sylvania  engineers  and 
scientists.  Already  key  components  have  been  successfully  tested.  Work  is  now  proceed¬ 
ing  on  an  accelerated  basis. 

And  PLATO  is  by  no  means  the  only  major  program  engaging  creative  minds  at 
Sylvania’s  Waltham  Laboratories.  The  company  is  participating  in  more  than  30  missile 
programs.  Among  them  is  a  major  subcontract  for  data  processing  development  work 
on  the  new  super  radar  system  for  detection  of  ICBM’s  — known  as  BaUistic  Missile 
Early  Warning  System  (BMEWS). 


•  SR.  DEVELOPMENT  ENGINEERS 

•  SR.  SYSTEM  ANALYSTS 

•  SR.  PROGRAMMERS 

•  MATHEMATICAL  ANALYSTS 

•  ENGINEERS  WITH  EXPERIENCE  IN 
DISPLAY  OF  RADAR  DATA  HANDLING 

(Previous  digital  data  processing  experience  is 
important  for  most  assignments.) 


•  ADVANCED  DEVELOPMENT,  VHF  & 
UHF  SUBMONITORING  COMPLEX 
RADAR  SYSTEMS 

•  SYSTEMS  ANALYSIS  &  SYNTHESIS  OF 
CO.MPLEX  RADARS.  THEIR  DESIGN  & 
SIMULATION 


APPLIED  RESEARCH 
LABORATORY 

•  Research  &  Systems  Application  in  Counter- 
Countermeasures.  Operations  Research  A 
Analysis  A  Applied  Physics. 

I  mportant  positions  at  various  levels  of  experience 


AVIONICS  LABORATORY 

•  Microwave  components  design  including 
multi-channel  filters  incorporating  fast-acting 
microwave  switches 

•  Flush-mounted  broad  band  airborne  micro- 
wave  antennas 

•  Transistor  circuit  design  A  development 


Please  send  resume  to  Erling  Mostue 
Interview  and  relocation  expenses  paid  by  Sylvania.  Inquiries  will  be 
answered  within  2  weeks.  Convenient  Saturday  interviews  arranged. 

WALTHAM  LABORATORIES  ELECTRONIC  SYSTEMS  DIVISION 

^  SYLVANIA  ^ 

SYLVANIA  ELECTRIC  PRODUCTS  INC 

100  FIRST  AVENUE  •  WALTHAM.  MASSACHUSETTS 
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EMPLOYMENT  OPPORTUNITIES 


<] 


"^1  m  IIHH  w'" 


CREATIVE  ABILITY 
DISTINGUISHES  THE  RCA  ENGINEER 

Aware  that  engineering  today's  defense  systems  would  require  new  and 
fresh  approaches,  RCA  management  has  consistently  placed  a  premium 
on  creativity.  Fertile  minds  have  long  been  at  work  at  RCA.  Your  indi¬ 
vidual  thinking  is  welcomed.  You,  in  turn,  will  be  stimulated  by  RCA’s 
creative  atmosphere.  Fields  of  interest: 

ELECTRONIC  &  MECHANICAL  DEVELOPMENT  ft  DESIGN  . . .  PROJECT 
MANAGEMENT  .  .  .  SYSTEMS  .  .  .  AND  ENGINEERING  MANAGEMENT 

New  and  Significant  RCA  Openings  .  .  .  CAMDEN  POSITIONS:  Com¬ 
munications  Systems,  Infrared  Detection  and  Optical  Systems,  Naviga¬ 
tional  Equipment,  Fire  Control  Systems,  Digital  Data  Handling  Systems, 
Advanced  Development  Studies.  MOORESTOWN  POSITIONS:  Missile 
Guidance,  Ballistic  Missile  Early  Warning  System  (BMEWS),  High 
Power  Transmitters,  Servomechanisms,  Pulse  Circuitry, 

Digital  and  Analog  Computers. 


FOR  INTERVIEW  WITH  ENOINEERINO  MANAGEMENT 


Co//  collect  or  write,  either; 

Mr.  W.  j.  Henry, 

RCA,  Dept.  B-20F,  Moorestown,  N.j. 
BEImont  5-5000 


Or;  Mr.  C.  B.  Gordon, 

RCA,  Dept.  B-20F, 

Building  10-1,  Camden  2,  N.J. 
WOodlown  6-3300 


mm 


RADIO  CORPORATION  of  AMERICA 

DEFENSE  ELECTRONIC  PRODUCTS 


Engineers 


the 

Future 

is  in 

Your 

Own 

Hands 

with 


CBS-HYTRON 

Your  proiouiona!  achiOTOmant*  with 
CBS  or*  limitod  ONLY  by  your  po- 
tontial  (or  truly  croatiTo  onqinooriitq. 
Important  rotpontibility  coma*  your 
way  quickly  to  qiva  you  ovary  op¬ 
portunity  to  advanca  aa  far  and  ai 
fast  as  your  abilitioi  taka  you  .  .  . 
whilo  you  work  with  loadinq  anqi- 
naars  in  an  industry  markad  tor 
tromandous  axpansion. 

These  career  positions  ore  now  open 

CIRCUIT  DESIGN  ENGINEER 

For  o  toom  dovoloping  vocuum  tub« 
toil  oquipmont.  A  groduato  •nginoor 
with  2  yeort  •ipononc*  in  circuit  do- 
sign.  Excollont  prospocts  for  tho  right 
man,  at  our  now  dovolopmont  focili* 
tios  in  Nowburyport 

SEMI  CONDUCTOR  ENGINEERS 

I  For  production  and  dovolopmont  at  our 

modorn  lowoll  plont.  Groduoto  oloc- 
trical,  mochonical  and  chomical  ongi- 
noors  and  physics  mcjors.  Somi-conduc* 

I  tor  oxporionco  roquir^. 

INDUSTRIAL  ENGINEER 

Wilt  bo  ongogod  in  ono  or  moro  of  tho 
!  following  octivitios:  work  moosuro- 

i  mont;  nsotfiods  improvomont;  work 

'  simplification;  plant  layout  Work 

’  moosuromont  bockground  is  dosiroblo 

ELECTRONICS  PRODUCT  ENGINEER 

An  onginoor  with  pulso  typo  rocoiving 
tubo  or  rolotod  oxporionco  for  our  spo- 
I  ciol  tubo  soction  ct  our  Nowburyport 

I  plont. 

SENIOR  APPLICATIONS  ENGINEER 

!  Familiar  with  rocoiving  tubo  or  oloc* 

tronic  circuit  applications  A  challong* 
ing  oponing  for  tho  nroturo  ongirroor 
in  tho  applicotions  fiold. 


ELECTRON  TUBES 


Sond  your  rosumo  to 

^Mr.  C.  D  Bond, 

P/ocomont  Dirocfor. 
If  will  bo  accordod 
absofu^o  confidonco 
and  you  wifi  rocoivo 
o  prompt  onswor. 

SEMICONDUCTORS 

CBS-HYTRON 

A  Division  of 

Columbia  Broadcasting  Syslam,  Inc. 

DANVERS  PLANT 

107  Endicott  St.  PH:  SP  4-3360 

DANVERS,  MASS. 

(A  suburb  of  Boston) 
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EMPLOYMENT  OPPORTUNITIES 


e  N  G  I  N 


E  E  R  S 


Qeneral  'Electric 

announces  Opportunities 
in  Tlrea  of 

BALLISTIC  MISSILE 
DEFENSE  ENVIRONMENTS 

'Di'tersitif  of  positions  Incluh  T)&’E)  on  Eon^-^an^e  Surveillance  J^ahr 

These  openings  are  with  the  Heavy  Military’  Electronic  Equipment 
Department  of  G.  E.,  designer  and  producer  of  what  are  believed  to 
be  the  most  powerful  long-range  radar  detection  systems  in  the  world. 

Current  programs  ini>olve  work  on  still  more  advanced  systems 
—  among  them  Ballistic  Missile  Early  Warning  Surveillance  and 
other  super  radar  systems  to  detect  ICBMs  as  they  rise  over  the 
horizon  at  distances  ttp  to  several  thousands  of  miles. 

No  technical  area  makes  greater  demands  on  the  scientific  skills 
and  creative  imagination  of  the  engineer  than  Ballistic  Missile 
Defense  Environments. 


Qnmnas  fsu 

engineers  with  i-lO. 
or  more,  years' 
ejverience  in: 

STSTfMS 

DIVILOPMfNT 

Radar  Systems 
Development 

Systems  Analysis 
Data  Analysis 

Ilectronic 

Countermeasures 

Systems 

Computer  Proprammers 


Openings  fg£  engineers  with 
degree  and  2  or  more  years’ 
experience  in: 

Antenna  A  RF  Components 

UHF  A  M/Wave  Receiver  Development 

Video  Display 

Analog  Techniques 
T ransistor  Circuitry 

Computer  Applications 
Data  Processing 

Digital  Techniques 
Logical  Circuitry  Design 

Ilectronic  Packaging 


Qualified  engineers  will  be  invited  to  visit  the  Heavy  Military  Electronic  Equip¬ 
ment  Department  and  judjre  at  first  hand  the  unusual  opportunities  offered  for 
professional  irrowth — and  the  excellent  livin^r  conditions  in-and-around  Syracuse, 
New  York.  Please  write  in  confidence  to:  .Mr.  Junivs  r.  Kin.^ella.  Dlv.  27\VV 


HIAVY  MILITARY  IlICTRONIC  IQUIPMINT  DEPT. 


GENERAL^  ELECTRIC 

Court  Street,  Syracuse,  New  York 
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EMPLOYMENT  OPPORTUNITIES 


AERONAUTICAL  ENGINEERS 


Aircraft  Instrumentation  Specialist, 
M.S.  with  experience  or  Ph.O.  in  Elec¬ 
trical  or  Aeronautical  Engineering. 
Background  in  aircraft  instrumenta¬ 
tion,  especially  air-speed  and  altitude 
measurements.  Flight  test  experience 
desirable.  Thorough  knowledge  of 
servo-mechanisms  and  electronics  nec¬ 
essary.  Must  have  creative  talent  and 
interest  in  working  on  new  methods  of 
aircraft  instrumentation. 


Aeronautical  Engineer,  M.  S.  in  Aero¬ 
nautical  Engineering  with  math  minor. 
Two  years'  experience  in:  evaluation  of 
airborne  systems,  both  digital  and 
analog:  navigation  techniques,  includ¬ 
ing  inertial  navigation;  and  aerody¬ 
namics.  Experience  in  data  reduction 
and  photogrammetry  desirable.  To 
analyze  flight  test  data,  do  systems 
analysis,  and  solve  problems  in  spheri¬ 
cal  trigonometry  and  photogrammetry. 


Advantages  of  IBM 

A  recognized  leader  in  the  electronic  computer  field  . . .  stable  balance  of  military 
and  commercial  work  . , .  advancement  on  merit . . .  company-paid  relocation 
expenses  . , ,  liberal  company  benefits  . . .  salary  commensurate  with  ability  and 
experience. 

Immediate  openings  at  Owego,  N.  Y. 

WRITE,  outlining  qualifications  and  experience,  to: 

Mr,  P,  E.  Strohm,  Dept.  5540 
Military  Products  Division 
IBM  Corp. 

Owego,  New  York 


IBM 


INTERNATIONAL 
BUSINESS  MACHINES 
COSPOBATION 


DATA  NfOCCSSlNG 
ELECTRIC  TYPEWRITERS 
MILITARY  PRODUCTS 
SPECIAL  ENC*G.  PRODUCTS 
SUPPLIES 
TIME  EQUIPMENT 


ENGINEERS 
Research  & 
Development 


Career  openings  exist  for  SYSTEMS 
AND  CIRCUIT  ENGINEERS.  All  grades 
to  SECTION  HEADS  and  PROJECT 
ENGINEERS. 

Requirements  for  creative  engineers  to 
assume  major  project  responsibility  for 
CIRCUITS  and  SYSTEMS  from  bread 
board  stage  to  prototype,  in  the  fol¬ 
lowing  fields. 


ANTENNA  DESIGN 
&  DEVELOPMENT 

Conduct  tMtt  A  oviluatinn  of 
compatibility.  Eiporicnce 
on  Microwave  VHP  A  UHF  an¬ 
tennae  30  Me  to  3  KMc. 


RADAR  SYSTEMS 

RF  A  Miorowave  tochniquet  and 
application  of  hiah  power  modu- 
iatort  A  tranemitteri  IPulie  A 
CWI.  reconnaieeance.  counter 
meaeuroe.  Are  control  A  suidance 
lyeteme. 


COMMUNICATIONS 

CIRCUITS 

Transmittar*  both  itandard  and 
tingle  tide  band,  racaivaft.  fra* 
quancy  lynthasizafi.  lystams  anal* 
ytli. 

SERVO  MECHANISMS 
ANALOG  COMPUTERS 
Circuit  4  tytlami  anginaarlng. 
aptiinixatione  arror  analytit. 


DIGITAL  SYSTEMS 
Logical  datlgn  apgiicationt  of 
tamiconductor  davieat.  magnatic 
cpra  mamory  lyttami.  Solid  state 
displays. 

AIRBORNE  &  GROUND 
STATION  TELEMETRY 

Sensing,  indicating  and  display 
tachniqyas.  commutation,  subcar* 
rior  oscillators,  mlniaturlaation  4 
reliability  studies. 


Many  opportunitiaa  exist  for  Engineers  with  advanced  degrees  or  experience  in  semi¬ 
conductors.  Superior  working  conditions  in  well  equipped  laboratories  and  oir- 
conditioned  offices.  Employee  benefits  include  reimbursement  for  academic  studies. 

Send  resume  in  strict  confidence  to  Walter  E,  Wieland  ALL  5ALARICS 

^  ARE  OPEN. 

UaYSTROM  l.Y^TRl  INTERVIEW  t 

RELOCATION 

Divition  of  Daystrom  Incorporated  Archbold,  PennO.  EXPENSE  PAID 


I 


v^YORK 

offers  the  opportunity 
and  the  challenge  of 
key  assignments  in,,, 

GUIDED  MISSILE 
ELECTRONICS 

ELECTRONIC  ENG. 
MECHANICAL  ENG. 


DESIGNERS-DRAFTSMEN 


Here  is  your  chance  to  prove  your 
ability  doing  imporiani  work  on 
missile  fuzing,  guidance,  packaging 
and  related  test  equipment.  We  have 
key  openings  that  offer  you  the  oppor¬ 
tunity  to  move  ahead  rapidly  in  your 
profession.  At  Bendix  York,  you 
benefit  from  the  advantages  of  a 
small  company  atmosphere  in  a 
growing  division  of  one  of  the 
nation's  largest  engineering  and 
manufacturing  corporations.  Also, 
you’ll  enjoy  the  “good  life"  in  our 
beautiful  suburban  community. 
Good  salaries,  all  employee  benefits. 


Drop  u«  a  card,  brivfly  stating 
your  •ducotion  &  •xp«ri- 
•nc*.  Wq'll  act  im- 
mtdiolaly  to  g«t  lo- 
g*th«r  wHh  you 
and  talk  it  evtr.  ADDRESS  i 

^  professional 

PLACEMENT 
DEPT.  £ 


AVIATION  CORPORATION 

York  Divisioh 

York  47-26U 
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ELECTRONIC 

ENGINEERS 

needed  at 

MARTIN 

New  long-term  develop¬ 
ments  at  Martin  in  the 
field  of  electronics  have 
created  exceptional  op¬ 
portunities  for  top  elec¬ 
tronic  engineers.  At  least 
5  years  experience  re¬ 
quired.  Salaries  from 
$9,000  to  $12,000. 

Openings 
in  these  areas: 

•  Circuit  Design 

•  Systems 

•  Inertial  Guidance 

•  Countermeasures 

•  Digital  Computers 

•  Test  Equipment  Design 


EMPLOYMENT  OPPORTUNITIES 


To  the  talented 
engineer  and  scientist 

APL  OFFERS 
GREATER  FREEDOM 
OF  ACTIVITY 

APL  has  responsibility  for  the  technical  direction 
of  much  of  the  guided  missile  program  of  the 
Navy  Bureau  of  Ordnance.  As  a  result  staff  mem¬ 
bers  participate  in  assignments  of  challenging 
scope  that  range  from  basic  research  to  prototype 
testing  of  weapons  and  weapons  systems. 

A  high  degree  of  freedom  of  action  enables 
APL  staff  members  to  give  free  rein  to  their 
talents  and  ideas.  Thus,  professional  advance¬ 
ment  and  opportunities  to  accept  program  re¬ 
sponsibility  come  rapidly.  Promotion  is  rapid, 
too,  because  of  our  policy  of  placing  professional 
technical  men  at  all  levels  of  supervision. 

APL’s  past  accomplishments  include;  the  first 
ramjet  engine,  the  Aerobee  high  altitude  rocket, 
the  supersonic  Terrier,  Tartar,  and  Talos  missiles. 
Presently  the  Laboratory  is  engaged  in  solving 
complex  and  advanced  problems  leading  to  future 
weapons  and  weapons  systems  vital  to  the  na¬ 
tional  security.  Interested  engineers  and  physi¬ 
cists  are  invited  to  address  inquiries  to: 


WRITE  TO: 


Professional  Staff  Appointments 


William  Spangler,  Manager 
Professional  Employment 
The  Martin  Company 
Baltimore  3,  Md. 


The  Johns  Hophins  University 
Applied  Physics  Laboratory 

8609  Georgia  Avenue,  Silver  Spring,  Maryland 


MARTIN 

BALTIMORE 
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EMPLOYMENT  OPPORTUNITIES 


ENGINEERS 


for  developmrnt  of 

ADVANCED  CELESTIAL 
NAVIGATION  SYSTEMS 


Interesting,  long-range  po^ition»  provid¬ 
ing  opportunity  for  future  groKth  with 
kollsman.  designers  of  Amerira's  finest 
aircraft  instruments. 


Project  &  Staff  Positions 
available  to  those  interested 
and  qualified  for 
serious  development 
work  in; 

Airborne  Navigation  Systems 
Related  Electronics 
Analog  &  Digital  Computers 
Associated  Test  Equipment 

Minimitm  4  years  experience 
in  military  naviftation-type 
servos,  computers, 
electronics,  photo-electric 
tracking  or  other  related 
equipment  is  desirable. 


PRODUCT  ENGINEERS 

1.  To  supervise  test  equip¬ 
ment  assembly  groups. 

2.  For  design  of  production 
test  equipment  for  electro¬ 
mechanical  systems. 


Please  send  resumes  to  T.  A.  DeLuca.  FIELD  ENGINEERS 


kollsman 


For  Development  &  Field 
Service  Work 


INSTRUMENT  CORPORRTIRI 


•MS  4sat  tvonc.  nii—in.  tarn  mat .  wmu»iun  m  StandMd  eea  msecn  CA  ma 


I 


SALES  ENGINEERS  WANTED 

For  Chicago  and  Houston. 

PrKer  m«4i  with  Kl«(rlcal«  MH'hsnU'al  or 
rheinical  dt'Rrtn'M.  Huor(«.%fuI  «pt>Uc 

iniH  will  rporlvf  ihrcn*  luonthV  lnt«*iiHiT«*  trainiriii 
«t  fftctorr  In  Wtt(*rlNir>.  ronnmicut  before*  frk.«tKn- 
to  dl'ctrict  office.  Prefer  men  between  2-^  Anil 
30  who  can  Ktart  mn  trainees.  l^iioiiH  sAle<»  arxl 
inHtruiuent  experience  <l«^trable  Imt  not  mandattue 


ThoM  interattad  In  Chieaia  opanini  atfdrau  rapiy 
to  8.  E.  Gawrin.  Olatrict  Manaaar.  The  Brittal 
Campany,  3$l  E.  Ohio  StraaR.  Chicapo  II.  Hlinoia. 
thoM  interaatad  In  Houatan  openinp  addraai  reply 
to  E.  A.  Marwin.  Diatrict  Manapar.  The  Briatel 
Company.  3617  W.  Alabama.  Hauiton  6.  Taxaa. 


AtmUESH  HOX  SO.  HEVUEA  TO:  So. 

i'hinHifltd  />lr  of  thin  ftHhHratUm 

Stnd  to  offiri  nrorrnt  yoH. 

.\f;u'  YttRK  /•.  O.  Itftx  12 

(Hli’.ifiO  It:  i20  S.  MUhignn  .4 re. 
W.4.N  Elt.iSt'iSCtt  4.  Pont  St. 


SiUlNO  OPPORTUN/rr  OffikSD 


Manufacture  af  Noneycomb  Structure  Sub- 

,  AHxemhlieH  Meeka  accredited  nellinK  aicenlH 
I  with  top  level  contacta  with  Prime  and  Sub- 
'  Contractors  of  Airborne  and  Ground-Surface 
i  Electronic  E<iuipment.  Profluct  widely  ac- 
I  cepte<l  amonK  deMiirn  enirineerM  which  has 
i  hitth  application  potential.  Open  Territorien 
Snuthwent.  Mid-Weat.  Went  Coant.  and  Parta 

I  of  Eaat  Coaat.  Submit  full  details  re  aalea 
coverage,  peraonnel,  and  linen  hanflle<i.  KW- 
Electronics. 


POSITIONS  WANTED 


i  Cnsinaer,  IB  years  domestic  A  forelB**  •>« 

perience.  .*>  lanauafcea.  deairea  overaean  con- 
]  tract.  IK-36  montha.  PW-7ilT  t,  Eleclronicn. 

i  Sales.  Communications.  Industrial,  control 

equipment.  HSEE  decree.  3  yearn  aalea.  .3 
yearn  deniirn-development.  plus  extenaive  nub- 
profea.nional  backirround:  broaflcaatinK.  audio, 
military  radio  etc.  33.  marrie*!,  no  chiblren. 
Know  Northeaat:  area  not  important.  Avail¬ 
able  June.  PW-K0  16.  Electronicn. 


mumm  opportunities 

IN  RESEARCH 
^ND  DEVEEOPMENT 


ELECTRONIC 

ENGINEERS 

SYSTEMS 

ENGINEERS 


Design  of  electronic 
instrurrsentotion  for 
underwater  ordnance. 
Analytical  and  experi* 
mental  treatn\ent  of 
scientific  research  prob¬ 
lems  in  the  fields  of 
hydrodynamics,  ocous- 
tics.  electronics,  net¬ 
work  theory,  servo¬ 
mechanisms.  mochonics. 
informotton  theory  ond 
noise  analysis  includ¬ 
ing  onologue  and  digi¬ 
tal  computations. 


PENNSYLVANIA  STATE  UNIVERSITY 
ORDNANCE  RESEARCH  LABORATORY 

University  Park,  Pennsylvania 

•  Opportunities  for  Creduote  Study 

•  faculty  Appointments  for  Ouelified  Applicants 
o  Excellent  Workinp  and  livinp  Conditions 

o  Liboral  Employee  Benefit  Proprems 

Send  Resume  To: 

ARNOLD  ADDISON, 
Personnel  Director 


REPRESENTATIVES  WANTED 

Larie  industrial  platini  and  electrechamical  Arm 
located  on  the  Cast  Coast  and  specialuinf  in  the 
mere  difheult  ty»es  of  industrial  platina  desires 
Manufacturer’s  Representatives  to  solicit  electre- 
forming,  precious  metals  platinp.  special  plating 
to  customer's  specifications,  and  research  and 
development  work  for  plating,  in  the  Texas.  Ariiona 
and  New  Mexico  areas  en  a  commission  basis.  In¬ 
terested  parties  should  have  background  in  related 
flelds.  and  be  contacting  electronic,  aircraft  and 
missile  plants. 

Full  particulars  in  first  letter. 

Klertronlrn 

Clasn.  Adv.  Div..  P.O  »ox  12.  N.V.  36.  N.Y 


A  non-profit  orgonization 

S.E.E.  GIVES 

To  ENGINEERS 

Sorvico  in  providing  contact!  for  choice 
positions  ovoiloblo  now.  Sond  resume. 
Small  Handling  charge— No  Placement  Foe 

To  EMPLOYERS 

Automatic  access  to  o  wide  variety  of 
desiroble  talent— now  ond  regularly— from 
wide  geographical  locations. 

SCIENTISTS,  ENGINEERS 
&  EXECUTIVES,  INC. 

1026  Seventeenth  St.,  N.W. 
Woshington  6,  D.  C.  —  MEtropoliton  B-2749 


ELECTRONIC  ENGINEER  PHD. 

10  years  business  experience  seeks 
superrisory  position  instnunentotion  in¬ 
dustrial  controls,  systems  engineering. 

I*W-7»6S,  Klectronir* 

520  N.  Mlrhixan  Av..,  Chicago  11.  III. 


ELECTRONIC  ENGINEERS^ 

Interested  in  creative 
design  responsibilities  in 
the  field  of 

AIRCRAFT 

ELECTRONIC  SYSTEMS 

A- 


Bell  Helicopter  Corporation  is 
looking  for  graduate  engineers 
with  experience  in  design  and 
development  of  microwave 
ranging  systems,  aircraft  auto¬ 
matic  stabilization  systems, 
analogue  computor  simulation 
systems,  system  analysis,  or 
transistor  circuit  design. 

Send  resume  fo 

Engineering  Personnel  Manager 

BELL  HELICOPTER 
CORPORATION 

Fort  Worth,  Texas  y 
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CLASSIFIED  Searchlight  Section  adve«iising 

BUSINESS  OPPORTUNITIES  EQUIPMENT  -  USED  or  RESALE 


DISPtAYEO  RATE 

Th*  odvertiting  rate  it  $24.75  per  inch  for  oM  advertising  appearing 
on  other  than  a  controct  batit.  Controct  rates  quoted  on  request. 

AN  ADVERTISING  INCH  it  meosured  %  inch  verticolly  on  one  column. 
3  columns — 30  inches— to  a  page. 

EQUIPMENT  WANTED  or  FOR  SALE  ADVERTISEMENTS  occeptoble  only 
in  Displayed  Style. 

Send  NEW  ADS  or  inquiries  to  Clotsified  Adv. 


UNDtSPlAYED  RATE 

$2.40  a  line,  minimum  3  lines.  To  figure  odvance  payment  count  5 
average  words  as  a  line. 

BOX  NUMBERS  count  at  one  line  odditional  in  undisplayed  ads. 
DISCOUNT  of  10%  if  full  payment  is  mode  in  odvance  for  four  con¬ 
secutive  insertions  of  unditployed  ads  (not  including  proposals.) 

Div.  of  Electronics  P.  O.  Boa  12,  N.  Y.  36,  N.  Y. 


NEED  METERS? 

STANDARD  or  SPECIALS 

ANY  QUANTITY-NEW-MILITARY 

ELECTRONIC-MILITARY 
AIRCRAFT-HAMS 

A  I  I  MAKES-MODELS 

nLL  RANGES-SIZES 

REPAIRED 
RESCALED 
RECALIDRATED 

WRITE  -  PHONE  -  WIRE 

A  &  M  INSTRUMENT  SERVICE 
INC. 

76-14  Woodside  Ave. 

Elmhurst  73,  N.  Y. 

CAA  No.  4264  Ltd.  HA  9-2925 


LEGRI  S  COAAPANY 

WANT  TO  BUY 

ALLEN -BRADLEY 

RESISTORS  &  PDTENTIOMETERS 
all  your  excess  at  highest  prices 

SUBMIT  your  OFFERING  directly  to 

LEGRI  S.  COMPANY 

391  RIVERDALE  AVE. 
YONKERS  5.  N.  Y. 

Phone:  Yonkers  9-6DDD 


GLASS  TUBING 

PYREX  -  NONEX  •  URANIUM 
•UIB  «  CYLINDERS 
WRITE  FOR  FREE  MONTHLY  LIST 

HOUDE  SUPPLY  COMPANY 
PHONE  KEVPORT  7-I2SS 
M  R.  #1  tax  S4X  Keyport.  N.  J. 


BEARINGS - 

Miniatures;  Precision;  Stainless  Steel; 
Special  Sises,  Tolerance  &  Construction. 

RAWAV  BEARING  CO. 

4-8  Fersyth*  St.  WsIkM’  S-8IS0  N.  V.  C.  2.  N  V. 


NEW  TS148/UP  X  BAND 
SPECTRUM  ANALYZER 


DNE  OF  THE  WORLD’S  LARGEST  MICROWAVE.  TEST  EQUIPMENT  AND 

TUBE  ESTABLISHMENTS!! 


NEW  UNUSED  SURPLUS  STAND¬ 
ARD  LABORATORY  RECEIVERS 
AN/APR4  complete  with  five  tun¬ 
ing  units  38  to  40(X)  m.c. 

AN/ APR-5,  3000-6000  m.c. 

AN/ APR  10,  2000-4400  m.c. 


NEW  TS-147  X  BAND  SIGNAL 
GENERATOR 

T»st  S«t  T$  147  Uf  is  o  portabU 
Microwav*  Si9nol  Gsnsfoter  d*si9n«d 
for  tostin9  ond  odtusfing  boocon 
•quipmsnt  and  rador  systoms  which 
opopoto  within  th«  froquoncy  ranq* 
of  8500  MC  to  9000  MC 


W«  corry  on«  of  the  lorgost  tube 
inventorios  in  the  USA.  Thou¬ 
sands  of  Moqnetrons,  Klystrons. 
Receiving  ond  Tronsmitting  tubes. 
Semiconductors,  etc.  Write,  giv- 
ing  your  requirements.  If  you 
hove  similar  items  for  disposol. 
please  oVfer  us. 


OTHfR  TfST  fOUIPMfNT  US(D  CHECKCO  OUT  SURPLUS 

TFt9f  1 
APA18 
AFAM 
AFS3  AFS4 
AFT2  AFT5 
•C1S2C 
•C7UC 
urMi 
urM7 
UFMM 
UPM)2 
URMU 

•ftdmoffsy  ettsers 


WHOLESALE  ond  EXPORT  ONLY 
Minimum  tube  order  SIS 


IS4A 


TS12  AP 


TS45 


TA13  AP 


TS4< 


TS14  AP 


TS47  APR 


TSIS 


TSS4 


TSltl 


Phone;  ORegon  4-7070 

TY  EtiCTROWICS,  INC# 


119  PRINCE  ST. 
NEW  YORK  12,  N.  Y. 
Coble  TElESfRUP 


CONSISTENTLY 

HIGH  QUALITY 

ELECTRON  TORES... 

At  SENSIBLE  PRKES!  .  j 

Write  for  industrial  prices. 


PRODUCTION 
QUANTITIES  j 
AVAILABLE 


TUBE  nSTING  LABORATORY 

TEST  YOUR  ELECTRONIC  TUBES  AND 
CRYSTAL  DIODES  TO  COMMERCIAL 
SPECIFICATIONS. 

LAB  CERTIFICATES  SUPPLIED 


AUTHORIZtD 

DISTRIBUTORS 

FOR- 

PfNTA 

EIMAC 

CITRON 

CBS-HYT, 

LEWIS  B  K  I  ' 

MULLARD 

GONSn 

I.  F  JOHNSON 

INDUSTRO 

«  OTHERS 

OtM  OF  THi 
-  lAROEST  - 
TUBE  STOCKS 
W  THE  WORLD  I 


Write  for  o  copy  of  our  induttriol  "GREEN  SHEET"  catalog,  which  lists  excoptionol  voluos 
of  quolity  tost  equipment,  lob  components,  reactors,  tronsformers.  relays,  capacitors,  rocks, 
tubes,  tronsisfors,  diodes,  meters  ond  other  components,  test  equipment  and  electronic 
ossomblies. 


PHONI  WANier  S-7000 
CAMI  i  '  miTYPI 

•AtaYliCT,  NY  I*  NY  1-3731 

SIS  MOAOWAT  •  NEW  YORK  13.  N  T. 
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ItfAi'on  •nti'fina.  AM:{| 

Al’N  7  Omni 

1  Htinic  ♦•nclo’^l 

in  «rath<‘r  priM»r  luritr  Imll 
T>l»e  •  N  *  JI2.50 


INPUT 
Volti  AniM 


Pric* 
$  6.50 

5.50 

3.50 

5.50 


Tyf# 

BDAR83 

P0SX.I5 

DM33A 

B-19 


Am  Is  S9.00  complete.  Tester!  worfc- 
InK  orrier  S12.<K).  Shipments  FOO 
8imr>sr>n.  Pa.  Write  for  froe  lint 

TCLtPMONB  INOINCIRINO  CO. 
Dept.  _ timpaon.  Ps. 


PULSE  TRANSFORMERS 


352>7150.  lYimtry  50  ohms.  Secondary 
1000  ohms.  IS.OtHh.  12.0  Amp. 
I^ilse:  1  or  2  usee,  at  .001  duty 
ratio.  Fitted  with  maiotetron  weU 
and  bihlar  uinding  for  filament  sup¬ 
ply  . $22.50 


K-2745  Primary:  3.1  2.8  KV,  .50  ohms  Z.  SeitHiriary: 
l'l/12.6  KV  1025  ohms  Z.  I*ulse  length:  0.2.5/ 1.0  useo 
m  000  tiiHi  n*s  Pk  Power  2*Mi  1.50  K\V.  Hifliar:  1.3 

Amp.  Has  ••btiilt-ln”  magnetron  well . $32.50 

K-246I-A  Primary:  3.1  2.«  KV— 50  ohms  Uinei.  Sec¬ 
ondary  14/11.5  KV— HlOO  ohtm.  Z.  l*ulse  length:  1 
Usee  ta  tMMi  PI*8.  Pk.  Power  «>ut:  2«Mi/i.3t»  K\V  Uittlar 

1.3  Amp.  Fitted  with  magnetrrm  well . $29.50 

-K-2449A.  l*rimar>  :  9..^!  KV,  50  ohms  Imp.  Sec¬ 
ondary:  28  KV.  4.5ti  ohms.  I^ilse  length:  1.05/5  usee 
0;t5/12>  PI*S.  PK  Power  ihit:  1.740  K\V  Ihfilar: 

1.5  amps  (as  shown) . $62. M 

GE  #K*2748-A,  0.5  user  ^  2*8*0  |»xh.  Pk.  I'wr.  out  is 
.32  K\V  impedance  40:11*0  ohm  output.  Pri.  volts  2.3 
KV  Pk.  Sec  volts  11.5  KV  Pk.  Ulfllar  rater!  at  1.3 
.\mp.  Fitted  with  magnetron  well .  $24.50 


MICROWAVE  ANTENNAS 

AT49/APR  llniacltw.i.l  tdniral,  IIHI  Mr.  $8.95 

i  CM  ANTENNA  ASSEMBLY:  r»i.  17"  paraUiluM 
<ll»h,  oiN'rallng  troiii  24  »(lc  motor,  lioam  pattern;  o 
del.  In  iMrth  .Vzliiiurti  and  eleratlim.  Sector  Scan: 
over  I«II  Ileg.  at  3.5  «aiis  per  minute.  EUevatPui  Scam 

over  2  deg.  Tilt,  ttver  24  deg . $35. iw 

3  cm.  Horn.  1'  a  >$".  »lih  t«l*t  ami  IKII  deg.  Jj^d- 

With  liielectrlc  ulmhm .  $22.50 

Dlicona  Antenna.  .\.s  12'.  .51*11  lIKHi-.limi  me.  Stuh 

euppoltetl  with  tvp.-  ".N"  I  onnector .  $14,50 

ASI4A/AP,  10  I'M  pick  up  dipole  avay.  ruiiiplete  » 

length  i»f  <s>a%  anrl  “N"  connectitr* .  $4.50 

30'  Parabolic  l(4fle<>tor  Spun  Aluminum  dish  lo*y 

F*>ruN  .  $4.65 

AN^APA-12  Sector  Sran  arlaptor  for  .51*S  2 

('•iiuplete  Kit  . $37.50 

10  CM.  ANTENNA  AS8V.  (AIrlirvmri.  3(r  dish  with 
c«>ax.  dipole  feed.  FiM*al  length  ta  mS"  lloria  ptdarl 
zathm.  3.51*  deg.  azimuth,  'hit:  plus  and  minus  2«* 
deg.  28  \rlr  drt»e  motor,  selsyn  takeoff.  $65.00 


OIRfCT  ALL  INQUIRIES  TO  DEPT.  E6 


LARGEST  STOCK  OF 


42WHITE  ST.,  NEVir  YORK  I3,N.  Y.*  WAIkar  5  0257 


msm 
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IN  THE  WORLD 


SOLENOIDS  •STEPPERS 
SENSITROLS 


PRODUCTION  QUANTITIES 

MOST  MAKES  IN  STOCK 


Send  for  Latest  Catalog  E 


VHP  BUTTERFLY 
TANK 

Butterfly  tank  unit:  'Tunes 
me.  Ideal  for  fretjuency  meter, 
grid-dipper,  signal  nouree.  etc. 
New.  complete  with  yc 
acorn  tube  socket  ^  J./  J 


MICROWAVE  TEST  SET 

1  CM  TEST  SET,  TS45/APM-3.  Complete  unit  c«>n- 
'iisting  of  a  single  generator  cmering  5*.3iMI  1*4*m*  me. 
plu.s  a  built-in  power  monitor  and  wa\emeter.  Power 
output  iH  10  inw.  and  the  power  meter  iinmitor  ran 
inea.sure  power  up  to  4o  db  above  1  mw.  The  wave- 
meter  has  a  '  U’*  of  I.immi  and  an  ah^dute  a<'curacv 
ol  2  me.  Op^Tatea  from  115T/.50-24*Mi  cy/l  idiase. 
Ideal  for  testing  la^tar  receivers  and  transmitters, 
telemetering  e^iulpnient,  microwave  links,  and  for 
microwave  laboratory  work . New  PORt 

COAXIAL  R.F.  FILTERS 

F-29/8PR-2,  Hi-Pass.,  with  1*mm)  nic.  Put-off.  Tvpo 
'N”  input  and  output.  50  Ohmi  Z  . $9.50 

F-4I/SPR-I,  Ili-Pavs.  with  3ih>  me  cut-off.  'Tvpe  “V’ 
input  and  output.  50  Ohms  Z . $10.50 

60  MC.  IF  STRIP 

Model  APS-4:  Sfiniature  IF  ivtrip.  using  ri.\K5*M  60  Me 
c**nter  Freq.  fialn:  9.'.db  at  Itandwidth  of  2.7  Me. 
New .  less  iub»‘s . $15.50 


MEDIUM  POWER  PULSER 

Ttia  MIT  MOD  III  PULSER  is  a  lightweight.  me<lium 
power  radar  liuMtulatttr  Using  an  s29  H  in  a  regenera¬ 
tive  bhw'king  <Mcillator  circuit  feeding  a  715It  power 
amplifier.  Peak  (*utput  la  12  KV  at  12  .Vmph  into  a 
1(M*U  ohm  load.  INilse  widths  are  *1.5/ ^.i*  user  at  a 
duty  ratio  of  0.(M*l.  Primary  power  re<iuirements  are 
115  vac.  4fH*-l2**u  cpM-3..5A.  Also  28  vdc  at  5  Amp  An 
external  trigger  of  at  leaat  -50  r.  peak  U  retiuire*!.  .\ll 
units  are  new,  cvKuplete  with  ail  tubea.  pre^urixe<l 
housing,  and  schematic  diagram.  C07  RH 

(Refer  to  Ua<tLab  Senes,  Vol.  5,  See.  .5.1) 

OSCILLO-SYNCHROSCOPE 

SYNCHROSCOPE/TS  26/UPM.  Thl>  tnstnimeni 
oruinallv  destgne<l  ft»r  testinit  tgaisms  an4l  ra«!ar  sha. 
but  Usable  lor  general  lab«iratory  work.  Tlie  'UH»pe 
e<4uippts|  with  a  t>pe  54'Pl  ('It  tul>e.  uses  tr1ggere«t 
sweeps  ranging  from  I  to  6  user  inch.  Fr«>e  running  saw 
tooth  rate'k  are  2**  to  .3«nni  rps  P«»s.  and  neg.  output 
triggers  having  rep  rates  of  3.30/.VM)  1,*mm*  2,*M8*  anri 
4.*HH*  rps  are  suppllert  .Marki'r  pertoflx  are  2  H*  and 
25  User  acevirate  to  1*^.  Tlie  2  stage  vld*s»  amp  has 
a  bandwidth  of  5mc  and  a  gain  of  |*m*  I'setl.  In 
exceL  cond .  $95 

-  MICROWAVE  CAVITY 

B  Receiver  trent  end  cavity  reeonater: 
jmL  ‘Tunes  27*hi  to  34*81  me  with  a  loaded 
[  l^p  Q  <tf  3000  .50-ohm.  type  N  Inpvit. 

Vld*si  output  fr»»m  1N27  crvstal.  Mav 
Uh  quarter  wave 

•  (1.ltol4kmc) . 


SEARCHLIGHT  SECTION 


RELAYS 


DYNAMOTORS 


OUTPUT 
Velti  Arne* 


PE  SI— BRAND  NEW 

Navy  tyge  CAJO-2it444.  Ingut;  105  te  130  VOC 
put:  either  26  VOC  at  20  amp»  or  I3  VDC  at  40 
Radio  filtered  and  cemelete  with  line  twritch 


INVERTERS 

600- IB  input  24vde.  62  A.  output:  115  V.  600  cy.  7 A 
I  phase.  Used  eicellent  $12.00 

PE-2I8H:  Input:  25/36vdc.  92  amp.  Output:  11$  V 
300/500  ey.  1500  Volt-Ampere  $26.00 

EICOR-ML  3011-5.  Input:  13.75V.  IS  lA  Output:  115 
V/400-.3^.  0.95  PF  iOOVA  $22.50 


U|vV'<-Av\vVA\^VvvV**v\ 

niversal  relay  corp. 

farmertf  UmvotmI  C**p 


GENUINE  OAK  WOOD 


HARRY  KRANTZ  CO. 

th«  largest  RESISTOR 
j  slock  in  the  Country 

Tremendous  Quantities — 1/2,  1  &  2  W. 
■  40  to  70%  oil  miq.  prices 

I  S9  Chambers  St..  N.  Y.  C.  13  WO  2-5737 


^Antique 

TELEPHONES! 


IF  THERE  IS 
Anything  you  want 

that  other  readers  of  this 
paper  can  supply 


Something  you 
don't  want 

that  other  readers  can  use,  advertise 
it  in  the 

SEARCHLIGHT  SECTION 


COMMUNICATIONS 
EQUIPMENT  CO. 

343  Canal  St. 
New  York  13,  N.  Y. , 
CHAS.  ROSEN 
Phone :  CAnal  6-4882 


to  CM  ANTENNA 


WAR  TfRMINATION  INVENTORIfS 

WRITE  OR  WIRE  FOR  INFORMATION  ON  OUR 
COMPLETE  LINE  OF  SURPLUS  ELECTRONIC 
COMPONENTS.  ALL  PRICES  NET  F.O.B, 
PASADENA.  CALIFORNIA 


C&H 

SALES  CO. 


2174-E  Soit  Cotorodo  St. 
FoM>d«no  6.  Coliforn>a 
RYon  1  7393 


TS1 48/UP  SPECTRUM  ANALYZER 


8430-9580  me. 
For  ose  with 
various  X'band 
equipmant  New« 
conrplete  with 
accessories  and 
carrying  case 
Limited  quan* 
tity 

Price  S«9S  00 


HIGH-QUALITY 
OPTICAL  PARTS 

5'*  Sehinidt  Ultra  ^ 

Hi-Sp««d  Obiactiv*  I 

L«nt  Syttam  1 

Eastman  Kodak  in¬ 
fra-red  receiver,  _ 
formerly  known  os 
U  S.  Navy  Metascope,  Type 
B,  7"  long  with  5"  SCHMIDT | 
ultra-high  speed  Objective  I J 
Lens  (opprox.  f  0.5).  Elobo- 
rote  optical  system,  mony 
coated  lenses  Uses  2  pen- 
light  batteries.  Govt  cost  ap- 
prox.  S300.  Factory-new.  Ship- 
ping  wt.  9  lbs.  Price  $19.95 
Waterproof  Corrying  Case,  extra.  Shipping 
wt.  3  lbs.  Price  $3.00 

Dual  purpose  U.S.N.  floodlight  throws 
strong  beom  of  invisible  infra-red  rays. 
With  infra-red  lens,  spore  sealed  beom 
lomp,  batteries.  Shipping  wt.  23  lbs. 

Price  $14.95 


SELSYNS- 

SYNCHROS 


ICT  cont.  Trans  90  55V  60  cy. 
IDG  Oiff.  Gen  90 '90V  60  cy. 
IF  Syn.  Mtr  115. 90V  60  cy. 
IG  Gen.  n5V  60  cy. 


MGS4D  BENDIX  INVERTER 

Output:  200  115  volts.  400  cycle,  single  or 
3  phase.  .80  pf,  250  VA  Input:  28  VDC.  22 
amps  $99  50 


f  MOTOR  GENERATOR 

'  TRANSICOIL  TYPE  7500 

115  volts,  400  cycle.  Output  4 
volt  (jer  1000  rpm'  Motor  speed 
0-7000  rpm  Geor  Tram  ratio 
2000:1  Price  $39.95 


MINNIAPOIIS-HONETWEU 

RATE  GYRO  (Control  Flight) 
Part  no.  JG7005A-1I  series 
9  115  volts  A.C.,  400  cy 

cle,  single  phase  Poten 
tiometer  take  off  resist 
ance  530  ohms.  Speed 
21,000  r.p.m.  Angular 
momentum  2'/:  miriion, 

CM'  sec.  Weight  2  lbs. 
Dimensions  4-7/32  x 
3-29  32  K  3-31/64 

Price  $22  50  each 


fA*Cr 


GENERAL  ELECTRIC  AUTO  PILOT  DIREC¬ 
TIONAL  GYRO  IN¬ 
DICATOR  and  CON¬ 
TROL  UNIT 

Mod.  8K63AC.  115  volts. 
400  cps,  3  phase,  40 
watts  Has  settable  in¬ 
duction  pick-off. 

Price  $10  00 


weight  500  lbs. 
Price  $495.00 


t  SIMPLE 

DIFFERENTIAL 

-  I  to  I  reverse  ratio;  48 

teeth  on  input  and  out¬ 
put  gear,  1-1  32  inch  diameter. 
Total  outside  diameter  1-25  32 
inches.  Shaft  size  is  la  inch. 
''  One  shaft  is  9. 16"  long,-  other 

Stock  No.  151  shaft  is  3/16"  long  $5  00 


VARIABLE  SPEED  BALL  ^ 

DISC  INTEGRATORS 

Forward  &  Reverse  4-0-4.  In- 

put  shaft  5  16"  dia.  x  la" 

long.  Output  shaft  15  64" 

dia.  X  9  16"  long.  Control 

shaft  11  64"  dia.  x  11  16"  No.  146 

long.  Cast  aluminum  con- 

struction.  Approx,  size  AV2"  #17.50  60. 

X  41/2"  X  4". 

(All  Shafts  Ball  Bearing  Supported) 


SMALL  DC 
MOTORS 


60 

CYCLE 

AC  SERVO 

■  J 

MOTOR 

1 

with  9«o 

rtduction 

J 

Mfgd 

by  Diehl. 

Type  FPE-25-11. 

-ll 

Low 

in«ffid;  75/115  volts;  60  1 

Bl 

cycle. 

2  phase. 

4  watt  output. 

3200 

rpm.  Gear 

case;  worm  gear. 

Spur 

gear  and 

pinion,  reduction 

ratio 

100:1 

$24  50 

(approx,  size  overall  314"  x  114"  dia.:) 

5067126  Delco  PM,  27  VDC,  125  RPM. 

Governor  Controlled  $15.00  ea. 

5069600  Delco  PM  27.5  VDC  250  rpm  12.50 

5069230  Delco  PM  27.5  VDC  145  rpm  15.00 

5068750  Delco  27.5  VDC  160  rpm  w.  brake  6  50 

5068571  Delco  PM  27.5  VDC  10,000  rpm 

(1x1x2")  5.00 

5069790  Delco  PM,  27  VDC,  100  RPM, 

Governor  Controlled  1500  ea. 

58A10AI18  GE  24  VDC  110  rpm  10  00 

58A10AJ37  GE  27  VDC  250  rpm  reversible  10  00 
58A10AJ52  27  VDC  145  rpm  reversible  12.50 
5BA10AJ50,  G.E.,  12  VDC,  140  rpm  15  00 

206-1001  PM  Planetary  Gear  Reduced 
Motor  with  Magnetic  Brake  Mfgd.  by 
Air  Equipment  26  volts  600  ma  145  rpm  17  SO 
•  5BA10FJ33,  G.E.,  12  VDC,  56  rpm  reversible  15  00 
806069  Oster  series  reversible  1  50  h.p. 

10,000  rpm.  27.5  VDC  Ills"  x  3'/z"  5  00 

C-28P-1A  27  VDC  1/100  h.p.  7,000  rpm  3  00 

7100-B-PM  Hansen  24  VDC  160  rpm  7.50 

SSFD-6-25  Diehl  PM  27.5  VDC  10,000  rpm  4  00 
6-volt  PM  motor  mfgd,  by  Hansen  5.000  rpm 
1V4"  in  dia.,  2"  Tong  overall  4.00 


ELECTRONICS  engineering  edition  —  June  6,  1958 


181 


SEARCHLIGHT  SECTION 


j  ^\tt€lalab  INC.  J 

I  87-17  124th  St.,  Richmond  Hill  18,  N.  Y.  ■ 
'  Phono  Virginia  9-8181-2-3  ' 

Ovtrscis  Customers  Cali  Us  Directly  By 

■  Telex  Overseas  Teletype  TWX  N.  Y.  4-4341  • 

I  AN/TRC-l-3.4  ■ 

I  100  MC  RADIO-RELAY  EQUIPMENT  I 

■  The  AN/TRC  seriee  it  a  mobile  portable  tot  for  duplex  ■ 

I  or  simplex  radio  toloohone  point  to  point  communica*  I 
I  tion.  This  sot  will  operate  with  the  CF  oerios  carrier  ■ 
i  systems  to  provide  muKi  channel  operation.  The  TRC  I 
I  operates  on  100  MC  with  an  output  of  I0*S0  watts.  ■ 
I  The  %et  it  crystal  controlled.  Complete  sets  avail.  ■ 
I  Input  MOv  60  eye.  ■ 


BC-342  BC-312  I 

I.S'iSMC  Communication  Receivers.  The  BC*3I2  . 
Operates  From  12V  D.C.  The  BC-342  From  MOV  60  | 
Cyc.  These  Sets  Incorporate  a  Crystal  Filter  B.F.O  . 
Antenna  Tuner  Etc.  We  Can  Supply  These  Receivers  | 
in  Larpe  Quantities.  • 


AN/GSQO  NAVY  TYPE  PF 
SPEECH  SCRAMBLER 


This  it  a  unit  desifned  to  he  attached  to  either  a  I 
radio  or  telephone  circuit  to  scramble  speech  or  ■ 
code.  This  equipment  utilizes  coded  cards  in  each  ■ 
terminal  equipment.  Unless  the  properly  numbered  ■ 
card  is  inserted  on  the  roceivtni  end  the  speech  can  ■ 
not  be  unscrambled.  Complete  equipment  available.  ■ 
24  VDC  input.  Spare  parts  avail.  B 


AN/APG-3  I 

AIRBORNE  GUN  LAYING  AND  | 

SEARCH  RADAR  I 

This  it  a  late  X-band  airborne  search  and  pun  lay-  | 
inp  automatic  trackinp  radar.  The  set  uses  an  an-  ” 
tenna  mounted  to  scan  forward  to  search  for  aircraft  | 
and  to  provide  pun  Are  presentation.  The  set  consists  * 
of  an  indicator  with  a  S’*  B  and  C  scope  for  radar  ■ 
operator,  and  a  3”  indicator  for  the  pilot  for  pun  * 
Arinp.  a  control  stick  Arinp  prip.  antenna.  RF  unit  | 
modulator,  servos  ampliAer,  radar  central,  etc.  A  * 
modiAcation  of  this  set  is  the  AN/APG-33  which  | 
is  used  in  the  F-89  and  F-S4  Jet  interceptors.  Com-  ■ 
plete  sets  available.  FOR  ■ 


SCR-682  A  RADAR 

lOCM  high  power  lonp  Tnnn*  harbor  surveillance  and 
early  warning  RADAR,  equipment  is  a  3000  me 
mobile  search  radar  that  ian  be  transported  in  a 
ruck.  The  equipment  incorporates  a  7"  PPI  for 
operation  up  to  240.000  yards.  Azimuth  accuracy 
is  ■±.  !*•.  Range  accuracy  is  100  yards  at  10.000 
yard  range  and  SOOO  yards  at  240.000  yard  range. 
Trans,  output  is  approx.  225KW.  pulse  width  is  one 
microsecond.  Antenna  beam  width  Is  6”.  Input  is 
IIOv  60  eye.  Can  be  supplied  with  or  without  operat¬ 
ing  shelter  or  antenna  tower.  POR. 


AN  ASO-1  AND  1A  MAGNETOMETERS  ' 
This  is  an  airborne  magnetometer  used  to  measure  the  I 
magnetic  Aux  of  the  earth  and  to  locate  submarines  ■ 
and  other  metallic  objects  by  their  distortion  of  the  I 
magnetic  Aeld.  Sensitivity  2-3  gamma  or  bettor.  POP  « 


SCR-291A  DIRECTION  FINDER 
Automatic  ground  direction  Ander  oovering  I.Smc>  ' 
30mc.  Provides  instant  bearings  on  a  C.R.  Indioator  | 
of  any  signal  in  its  range.  This  equipment  is  trans-  ' 
portable  and  can  be  set  up  quickly.  llOv  60  cyc.  POR.  | 


AN  APR-4  38-4000  MC  RECEIVER 

This  is  a  precision  receiver  covering  36-4000  me. 
The  set  utilizes  5  tuning  units  with  direct  reading 
dials  in  megacycles.  The  receiver  has  a  wide  and 
narrow  band-width  30  me  I  F.  strip  which  may  be 
selected  at  will.  An  output  motor  is  provided  to 
measure  signal  strength.  Outputs  are  provided  for  a 
pulse  analyzer  and  pan  adaptor.  Each  tuning  unit 
has  an  automatic  sweeping  mechanism  which  enables 
any  portion  of  the  tuning  range  to  be  scanned  auto¬ 
matically.  Input  IIOv  60  cyc.  POR 


SCR-534  HANDI-TALKIE  | 

Fr«q.  range  3.7-5.5mc  cryrtal  controllwl  battery  ag- 
erated  handitalkie.  The  range  of  thi.  equigment  It  | 
aggmimately  2  mile*.  We  can  euggly  these  eat.  to 
your  egeeifled  freq.  Camgletaly  reconditioned  and  | 
guaranteed.  Large  quantity  available. 


RC-115B  GROUND  75  MC  '  ' 

MARKER  BEACON  I 

This  is  a  7S  C  Marker  Beacon  Ground  Station.  This  I 
equipment  comes  mounted  in  a  transporting  trunk.  . 
The  set  can  emit  either  Inner,  outer,  or  airways  I 
signals.  The  transmitter  Is  crystal  controlled.  110, 
Volts  60  eye.  I 


J 


3"  Round 
Elapsed 
Time  Meter 


M2» 


WESTON  PHOTROWIC  CELL . . S4.50 


PHOTO  ELECTRIC  Switch 
UarkUMu  throws  the  switch 
— turns  llaht  on  at  du.Hk  .  .  . 
off  at  dawn.  Pools  burRlars 
who  watch  for  sign'*  of  an  . 
empty  house . 


TELECHRON  Motors 

1  RPM  ....$3.9$|60  RPM  ..$4.6$ 

2  RPM  ....  2.90|3  RPHr  ..  2.65 

4  RPM  ....  3.90  I  I  RP.2Hr..  2.60 
3.6  RPM  .  3.15  I  I  RP  l2Hr  3.25 

I  RPM~50  Cycles.  $1.65 
Laboratory  Special  I  of  Each  Motor  $25 


O.E-L-A.Y-E-D  A-C-T-l-O-N  LIGHT  SWITCH 

Hhuts  light  off  automatically  almost  a  minute  later. 
Kr'eps  pc»rch  or  garage  light  on  after  you  '*hut  it  off. 

$3.50 

_ DEALERS  WRITE  FOR  PRICES _ 


6  WATT  MOST  POWERFUL 
TELECHRON  MOTOR 

IIO-V.  60  CY 

I  RPM  . $6.50 


HAYDON  TIMING 

MOTORS 

I  REV 


Hours . $1.70 

I  RPM  230v  60cy  .  1.00 

1  RPM  IIOv  60cy  2.60 

2  RPM  230v  60cy  .  1.00 

30  RPM  IIOv  60cy  .  260 

450  RPM.  yes  450  RPM  1.30 

HANSEN  Synchron  4  RPM  4.24 

CRAMER  4  RPM .  4.65 

Laboratory  Special  I  of  each  Motor  . $15.00 


RELAY  CONTACT  BURNISHERS  59-2  For  $1  00 


PM  MOTORS 

Mad#  by  SO  75 

DELCO  or  DIEHL  ^ 
Removed  from  equipment 


B1.AN 


INCLUDE 
POSTAGE 
64  C  Doy  $1. 
Now  Yerit  7, 
N  Y 


V.  H.  F. 


U.  H.  F. 


RDO  RECEIVER 

38  MC  to  1000  MC  procision  Recot  vor 
covering  compioto  rc^ngo  using  3  turning 
units.  The  RDO  Is  a  high  quolity  Navy 
search  receiver  using  the  same  turning  units 
as  the  APR-4,  but  has  cdditional  features, 
such  as  input  and  output  signal  strength  D8 
meters,  audio  output  metering,  noise  limiter, 
greater  stability,  for  noise  measuring  etc. 
Input  110V60CYC.  Ponodoptor  output  ovoii. 
Complete  W/3  turning  units  m  0b  pa 

Brand  new,  original  boxes.  •  1 

Govt.  ocq.  cost . $1500-00 


3  <’3t  lUdar  Installation  in  Brand  original 

btxpx.  'This  Is  a  rmuplete  ttelf-containrd  radar 
receiver  and  tranunittlng  unit  with  parabolic  an 
tenna  complete  with  76  tubee.  Indicators  and 
control  Ixixes.  Tube  complement  romdstA  of: 


2  ca.— 723AB 
2  •!.— IB22 
4  ea.— 3B24 

2  aa.— 3FP7 

3  aa.— 5U4 


30  aa.  -616 
9  aa.— 6VGGT 
II  aa.— AAK5 
4  ea.— 6SL7GT 
2  aa.— 724A 


I  aa  — 72SA 
I  m._607 
I  aa— VRI05 
4  aa.— VRI50 


(govt,  acquis,  east  over  $4,000.00). 
lbs.  W/ep#rating  instructions. 

Your  special  price . . 


Ship.  wt.  431 

.  ^69  50 


Write  for  Ayer. 


R.  W.  ELECTRONICS 

I  Ddpt.  i. 

I  2430  S.  Michigan  Av«.  Chicago  16,  III. 

V _ z _ ^ 


These 

"Searchlight" 

advertisements 

are  live  opportunities  in  the 
Electronic  field. 

Each  announcement  repre¬ 
sents  o  current  Wont  or 
Offering  of  on  organization 
or  individual  in  the  field. 
Some  hove  money-saving 
possibilities,  others  ore  op¬ 
portunities  for  more  business; 
many  ore  employment  oppor¬ 
tunities;  still  others  offer 
equipment — used  or  surplus 
new. 

"Searchlight"  advertisements 
ore  constantly  changing.  New 
opportunities  ore  constantly 
finding  their  way  into  this 
great  Wont  medium,  each 
issue.  Regular  reading  of  the 
"Searchlight"  pages  con  be 
os  important  to  you  os  read¬ 
ing  the  editorial  sections; 
Editorial  matter  is  news  of  the 
industry;  Advertising  is  NEWS 
OF  OPPORTUNITIES  offered 
in  the  Industry. 

for 

EVERY  business  WANT 
“Think 

SEARCHLIGHT  first” 
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Alaciirtir  .Am|illtlrr«,  Inc .  143 

AlaKiirtlcM,  Inc .  91 

Alalloo'  and  Co..  Inc.,  P.K .  64 

Mamwil  CrramicN  Co .  165 

5larroni  ln«»trumrnth.  I.td .  139 

Afarlon  KIrrtrIral  InMtnimrnt  Co .  136 

.5lrC>raw-lllll  Htwik  Co .  165 

AlrCiraw-lllll  I'lihllHhlnir  C'o..  Inr . 36.  39 

5|rtalM  A  ControlN  C’on>>»  Cirnrral  Platr 
lllv .  43 

5|lnnra|MillM-llonryurll  . 34,  56 


Micafil  RVN-P.  A  high  precision  toroidal 
coil  winding  machine  for  potentiometers, 
the  RW-P  will  wind  perfect  layers  to  a 
finished  I.D.  of  .25"  to  4".  It  is  the  only 
toroidal  coil  winder  capable  of  successfully 
winding  *45  AWG  copper  wire  down  to 
such  a  small  finished  I.D.  Core  rotation  can 
be  varied  by  a  600  step  planetary  gear  box. 
Winding  speeds — up  to  100  r.p.m.  Optional 
winding  head  for  speeds  up  to  400  r.p.m. 
An  automatic  turns  counter  stops  the  ma¬ 
chine  automatically  after  a  pre-set  number. 
Core  holder  for  continuous  winding  over 
360";  sector  holder  for  angles  up  to  330°. 


Micafil  RW-lll.  This  machine  winds  large, 
heavy  coils  from  a  minimum  I.D.  of 
to  a  maximum  O.D.  of  27".  Maximum  coil 
height  is  4V^".  A  two-shuttle  type,  the 
RW-lll  will  wind  tightly  without  damaging 
insulation — with  wire  up  to  #10  AWG. 
Maximum  w inding  speed  is  1 00  r.p.m.  Sector 
holder  for  330°  winding.  Special  design  for 
winding  Variac  Transformers. 

Write  For  More  Irtformotion 

COSAcorporation 

I  405  LeiiRKton  Ave.,  New  York  17,  N.Y. 

CIRCLE  167  READERS  SERVICE  CARD 
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FREED 

MAGNETIC 


PUSH-PULL 

MAGNETIC  AMPLIFIERS 

Pkase  reversible 


Cat. 

No. 

Supply 

Freq. 

C.P.S. 

Power 

Out. 

Watts 

Volt. 
Out. 
V.  AC 

Sig.  req’d 
for  full 
outp.  MA-DC 

Total  res. 
contr.  wd{. 
K!.' 

iap.r 

_ 

60 

5 

IIS 

1.2 

1.2 

MAP.2 

60 

IS 

Its 

1.6 

2.4 

fr:®?  3 

60 

SO 

Its 

2.0 

O.S 

MAP.3  A 

60 

so 

IIS 

7.0 

2.8 

MAP4 

_  ^ 

60 

ITS 

Its 

6.0 

6.0 

KAP-7 

400 

’5 

IIS 

0.6 

2.8 

wap  8 

400 

110 

1.7S 

0.6 

SATURABLE  TRANSFORMERS 

Phase  reversible 


Cat. 

No. 

Supply 
Freq.  in 
C.P.S. 

Power 

Out. 

Watts 

volt. 
Out. 
V.  AC 

Sig.  req'd 
for  full 
outp.  MA-DC 

Total  res. 
contr.  wdg. 

El* 

MAS-1 

[fso 

IS 

Its 

6.0 

27 

MAS-2 

400 

6 

Its 

4.0 

10 

MASS 

400  - 

2.7 

26 

4.0 

3.2 

MAS6 

400 

30 

IIS 

4.0 

8.0 

MAS-7 

400 

40 

IIS 

S.S 

8.0 

All  units  designed  for  1 1 SV-AC  operation 


Write  for  deteiled  listing,  or  special 
requirements,  end  copies  of  complete 
Transformer  and  Laboratory  Test  In¬ 
strument  Catalogs. 

FREED 

TBANSFOBMEB  CO.,  MG. 

1722  W*irG*ld  Str*** 

Sr^oktyn  IKid^^wood)  27.  N*w  Y«rli 
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Moloney  Klectric  Co .  1S3 

Motorola.  Inc* .  5? 


»U’  Hermes  KnitTavliic  Maciiliie  (corp..  151 

Ney  C'ompany^  •!.  M .  144 

North  -Ltlantlc  InduHtrteM,  Inc* .  163 

Northern  l*lu**tir  Corp .  140 


I*a<*e  Klertrical  luHtrument  Co.,  Inc*.  .  149 

Pac'ihc*  Semic-oncliiC’torH,  I  nr  .  S5 

Panonimir  Kuclio  PrmiiietM,  I  nr  . .  153 

PheIpN'inMirr  Copper  I'rmiiirtM  Ccorp.. 

Iiira  Mf*:.  IHv  .  6*J,  63 

l*lillhrlrk  KeM*urrheN,  liir.,  <*e<irKr  \.  .  144 
PolaracI  Klertroiih***  Cc»r|>ortitlon .  .  4A.\,  4MII 
Potter  InHtriiment  Co.,  Inc .  r^8 


Radiation.  Inr.  .  141 

Kaidio  Cc»r|ioration  of  .\merlra  ...4th  ('o%er 

Radio  KiiffineeriiiiP  l4ilM>ratoriew«  Inr  95 

Raidio  1‘InKineerinir  PrcMliM't**  .  .  1.56 

Radhi  Kreciiieiiry  l.alMirat<irle«.  Inr  .  9K 

Radio  Materials  Corp  .  19 

Radiometer  .  .......  1.54 

Ha.vthoMin  Mf^.  Company . 6.  109..  169 

Rlbet  lIcHjiirdln**  . 40 


>lanlMirn  f'ompany  . .54.  .5.5 

Sarkew  Tamlan  Inc . 23 

ShallciWbM  Mfip.  Co .  130 

Siffma  IriHtriimentH,  Inr  .  106 

Sola  Klertrir  Co  .  32 

Scprennen  A  Co.,  Inr  .  .5 

Sperry  Kle«*tronic  Tube,  IMvNion  of 
Sperr>  Rand  Corp .  113 

Sprairiie  PrcMliictM  Co  .  17 

Starkimie  C'arlMin  Co  . 61 

Standard  Klertrir  Time  Co  .  14.5 

Statham  InNtrnment  Inr  .  155 

Steven**  .\rnoid.  Inr .  140 

Stromberff'C'ariMMi  Company  .  .58 

Sylvania  Klertrir  Prodnrt**.  Inr .  tl 

Syntronir  InKtrnmentM.  Inr .  149 


Telerhrome,  5lf*.  Co.  .  .  107 

TesaM  InNtriimentM  Inrorporated .  181 

3rd  C'over 

Thermal  Ameriraii  KiiMed  <)iiartz  Co....  147 

Transformer**,  Inr . 33 

TraiiMltrrBii  Klectronir  Corp .  119 

Transrudlo,  Ud . 170 


r.  S.  .\lr  Force, 


115 


5'irkers  Inc.,  Hiv.  of  Sperry  Rand .  45 

5'ltni  leaboratories  Illvislon  of  the  5'itro 
Corp.  of  .\merlra .  132 


Texas  Instruments 
P-N-P  germanium 

alpha 
cutoff 

NEW  T/l  diffused  base 
transistors 


Your  orders  lor  Tl  silicon 
and  germanium  tran¬ 
sistors  are  filled  imme¬ 
diately,  oft-the-shelf  at 
factory  prices  when  you 
order  from  your  most 
convenient  source  . . . 


RADIO  WIRE 

H  TELEVISION,  INC. 

/^adio 

*T  SNY  OF  THESE  FIVE  CONVENIENT  LOCATIONS 


too  SIXTH  AVENUE 
NEW  YOAK  13,  NEW  YOAK 

AE  2  8600 

110  FEDEAAl  STAEET 
BOSTON  to,  MASSACHUSEHS 

HU  2-7830 

I6S-08  IIBEATY  AVENUE 
JAMAICA  33,  NEW  YOAK 

JA  3  4600 

139  W.  SECOND  STAEET 
PLAINFIELD,  NEW  JEASEY 

PL  6-4718 

24  CENTAAL  AVENUE 
NEWAAK  2,  NEW  JEASEY 

MA  2-1661 

WAITE  OA  CALL  OEFAATMENT  E  FOA  CATAL06  AND 

FAKE  LIST  WE  AAE  AS  (LOSE  AS  TOUA  TELEPHONE. 

CIRCLE  I7S  READERS  SERVICE  CARD 

CLASSIFIED  ADVERTISING 
F,  J.  Ebcrle,  Business  Mgr. 

EMPLOYMENT  OPPORTUNITIES .  171-178 
EQUIPMENT 


(Used  or  Surplus  New) 


ADVERTISERS  INDEX 

Barry  Electronics  Co .  179 

Bcndix  Aviation  Corp.  -  York  Div .  176 

Blan  .  182 

Bristol  Co.,  The  .  178 

CBS— Hytron.  Danvers,  Mass  .  174 

C  4  H  Sales  Co .  181 

Communications  Equipment  Co .  180 

Daystrom  Instrument,  Div.  of  Dayitrom 

Inc .  176 

Fidelity  Personnel  Service .  179 

General  Electric  (HMEE*  CALLENDER)  17S 

Ordinance  .  .  172 

Goodyear  Aircraft  Corp . 172 

Houde  Supply  Co .  179 

International  Buiiness  Machines  Corp  ...  176 

Johns  Hopkine  University,  A.P.L  .  177 

Krantz  Co.,  Harry .  180 

Kollsman  Inatrument  Corp .  178 

Legri  S.  Co .  179 

Liberty  .  179 

McDonnell  Aircraft  Corp .  171 

Martin  Co.,  The  (Employ) .  177 

Pennsylvania  State  University .  178 

Princeton  University .  171 

Radalab  Inc .  182 

Radio  Corp.  of  America .  174 

Raway  Bearing  Co .  179 

R  W  Electronics .  182 

Scientists,  Engineers  4  Executives  Inc...  178 

Spring  .  178 

Sylvania  .  173 

Telectric  Co..  The .  180 

Telephone  Engineering  Co .  179 

Universal  Relay  Corp.  (formerly  Univertal 

General  Corp.) .  180 

University  of  Cincinnati .  171 


Waohingtnn  .Aluminum  Company,  Inr...  1.18 

Wem-o  Maniifartiirlng  Co .  IAS 

LVeNlingliniiiu*  Klertrir  Ci>r|i .  134 


This  index  I,  subliihsd  s,  ■  Mrvles.  Cvsry  cars  li  taksn 
ts  msks  It  snurats.  but  ELECTRONICS  asiumsi  ns 
I'siRsniibilitls.  for  srrsr.  sr  smistlsni. 
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90  MC 


cutoff 


Sow  tor  your  t€*levision  IF’s,  \’HF  oscillators  and  am- 
pliti€*rs  plus  high  speed  computer  applications  . . .  new- 
round  welded  2NH2.‘J  dift’used-hase  germanium  tran¬ 
sistors  give  you  200  me  typical  maximum  t're(|uencv 
ot  oscillation,  00  me  alpha  cutofi’,  plus  a  25  mj.isec 
typical  total  non-saturated  switching  time. 

Check  the  specifications  and  application  notes  helow 
—  see  how  the  TI  2N023  can  help  you  with  your  next 
high  gain  high  frequency  or  ultra  high  speed  switch¬ 
ing  application. 

Write  today  to  your  nearest  T/l  sales  office  for  Bulletin  DL-S  904 


3  9  . 7  I  3  34S710  30  30  40  9070100  300 

f  -  FtfOUCNCY  -  ^ 

^OWil  GAIN  VS.  FtIQUINCY  t 


maximum  ratings  at  25°C 

(olltctor  to  boM 
(ollector  to  omitter 
cmittof  to  bos* 
total  dissipotton 


typical  design  characteristics  at  25*’C 

(condition?! 


collector  renerse  current 

1.  =  0 

Vu 

=  -30V 

2fiA 

emitter  reverse  current 

k  =  o 

Vh 

=  -0  5V 

O.S  uA 

foneord  current  tronsfer  ratio 

Ic  =  -3mA 

Va 

=  -6V 

35 

current  tronsfer  rotio  cutoff  frer;uency 

=  -3mA 

Va 

=  -6V 

90  me 

mo«  frequency  of  oscillotion 

1^.  -  _3mA 

Vcj 

=  -6V 

200  me 

frequency  ohere  hi,  is  unity 

Ic  =  -3mA 

Vc 

=  -6V 

60  me 

■ 


APPLICATION 


NOTES 


TYPICAL  43  MC  IF  AMPlIflH 
4  7/ipM 


TYPICAL  NOH-SATUtATINC  TYPf  SWITCHING  CItCUIT 


INPUT  FtOM 
IDCNTICAL  STACCS 


3  3ICi  ^OOOI/filOK 


— ►OUTPUT  TO 
IDCNTICAL  STAGfS 


|l.9  K 


O.OOLif^  <1.9  K 


TYPICAL  VALUI9  --  AVAIlAtlf  POWCI  OUTPUT  30  mW  (PIAR) 
NOtU  FtCUtf  6  4h  •  POWtR  CAIN  19  db  •  lANO  WIDTH.  ONI  STAGI  II  mk 
APPtOX  IMPCDANa  lOOKWO  WTO  PtlMAtV960  •  LOAD  ON  SKONOAl^r  3000  O 


TEXAS  INSTRUMENTS  SALES  OFFICES 

DALLAS 

•  NEW  YORK 

•  CHICAGO 

•  LOS  ANGELES 

CAMDEN  • 

DAYTON 

DENVER 

DETROIT 

•  OTTAWA 

•  SYRACUSE 

•  SAN  DIEGO 

WALTHAM 

•  WASHINGTON  0  C. 

TYPICAL  SWnCHINC  TIMES  O6TAINE0  IN  ABOVE  OftCUH 
14  meMcs  1^:  14  mi>t9€% 

iWCiUDES  OSCfUOSCOPf  ttSC  T1AIC) 


Texas  Instruments 

INCORPORATED 

SCMICONDUCTOn  -  COMPONCNTS  DIVISION 
POST  OPPICB  BOX  SIX  •  DALLAS. TKXAS 


F.V 


/ 


The  popular  RCA-6AW8-A  features  highly  improved  performance  and  longer  life  in  video-amplifier  service 
—  improvements  resulting  directly  from  RCA's  Preferred  Tube  Types  Program! 


THESE  IMPROVEMENTS  WERE  MADE  TO  THE  RCA  6AW8  A 

Precise  control  of  heater  coatings  elimi¬ 
nates  “thin  spots”— assures  durable 
heaters  which  minimize  heater-cathode 
leakage  and  heater-cathode  shorts.  Spe¬ 
cial-alloy  cathodes  offer  better  cathode 
activation  which  reduces  slump  and  as¬ 
sures  stable  operation.  A  new  cathode 
design  reduces  the  number  of  w’elds— 
minimizing  handling  and  contamination. 

Heat  dissipation  is  improved  by  the 
use  of  heavier  side  rods  on  pentode  grid 
#1  Pure  nickel  pins  reduce  pin-contact 
ncise  and  facilitate  insertion  and  re¬ 


moval  of  the  tube.  From  tip  to  stem,  the 
glass  is  controlled  for  stress  and  strain  to 
assure  durability  under  wide  variations 
in  temperatures.  Final  test  procedures 
include  cycled  operational  life  tests  to 
simulate  “on-ofT’  usage  in  the  home. 

Result;  the  highly  reliable  RCA- 
6AW8-A  for  superior  video  amplifier  per¬ 
formance.  By  designing  your  circuits 
“around”  proved-in-service  Preferred 
Tube  Types,  such  as  the  6AW8-A,  you 
take  advantage  of  the  benefits  of  lower 
tube  costs,  more  uniform  tube  quality 
and  better  tube  availability. 


There’s  a  Preferred  Tube  Type  to  meet 
virtually  all  of  your  TV,  AM  and  FM 
receiver  requirements.  Ask  your  RCA 
Representative  for  the  up-to-date  list  of 
62  Preferred  Types.  Or,  write  Commer¬ 
cial  Engineering,  Section  F-I9-Q-I,  Har-  ' 
rison,  N.  J. 

RCA  FIELD  OFFICES  ‘  * 

CAST'  744  Rro«d  Street  i 

New»rk2.  N.  J. 

HUmboldt  5-39<>0 

MIDWEST  Suite  IIM.  Mcrchmndiae  Hart  Plaza 
Chiraffo  M,  Illinois 
WHitehall  4-2900 

WEST  6356  E.  Washington  HIvd 

Los  Angeles  22,  California 
RAymond  3-R36I 


RADIO  CORPORATION  OF  AMERICA 


Harriton,  N.  J 


Electron  Tube  Dl¥l%lon 


